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ABSTRACT 
 
Textile cutting is a standard pre-production stage in the apparel manufacturing process 
that has developed from a manual to a fully automated procedure in recent decades. Laser cutting 
technology has improved the efficiency and sustainability of cutting pattern markers on a large 
cutting scale, as well as the ability to cut intricate internal patterns and shapes on a smaller 
cutting scale. CO2 laser technology has been adopted by industry and academia professionals at 
an exponential rate, but standard material testing for cutting and etching different textiles has 
been minimally documented. There were three primary objectives that comprise the purpose of 
this research which were to: (a) perform material testing to document and create a user manual 
that explains the parameters needed to laser cut and etch various textiles; (b) use Rogers’ 
Diffusion of Innovation theory to examine “perceived attributes of an innovation” (2003, pp. 15-
16), which are characteristics that help determine the rate of adoption, to survey apparel design 
students in order to determine the possible diffusion of laser cutting and the user manual in 
apparel design educational settings; and (c) apply knowledge from material testing to create a 
fashion ensemble that portrays the capabilities of laser cutting and etching textiles in apparel 
design.  
To meet the objectives, the researcher first tested how 127 textiles from the Basic Swatch 
Kit provided by Textile Fabric Consultants, Inc. responded to the laser cutter to develop a user 
manual for students, educators and industry professionals. Second, the researcher used Rogers’ 
Diffusion of Innovation theory to analyze laser cutting and etching in the apparel industry. A 
sample of 26 undergraduate apparel design students participated in a survey in which the results 
demonstrated that laser cutting is viewed as a means to enhance their design projects and 
 xi 
increase efficiency and precision. Third, the researcher created an experimental garment that 
incorporated both laser cutting and etching. Although the material testing of the various textiles 
had been completed, the creation of the experimental garment allowed the researcher to reveal a 
significant finding related to the impact of overall percentage of area that the raster textile design 
covers on the job time or efficiency in etching. Also, as a result of this research, a formula is 
proposed that will allow students, educators, and industry professionals the ability to use the 
information from the user manual and adjust the parametric percentages to that of their machine 
specifications.  
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CHAPTER 1. INTRODUCTION 
 
Background  
Laser cutters have had a broad spectrum of uses in the apparel industry, such as the 
replacement of manual cutting of garment pattern pieces and garment pattern markers in the 
apparel manufacturing process. Laser cutting increases sustainability and reduces waste of fabric 
as well as improves ergonomics in a predominantly manual and labor-intensive manufacturing 
process. Laser cutters are also being used for smaller scale cutting to add intricate detail to 
garments. Garments with internal cutout shapes were traditionally cut out using hand tools, 
whereas now they can be cut by machine in large quantities at a rapid speed. Laser cutting 
provides a high-end appearance to lower end garments, making intricate design affordable to a 
wide range of income levels.  Because of the wide spectrum of uses, laser cutters are being 
implemented in apparel design firms, apparel design programs in universities and colleges, and 
small businesses.  
There is currently no documented user manual for laser cutting and etching textiles. This 
problem makes integrating a laser machine into any educational or small business more time 
consuming than necessary. Rogers (2003) states, “the innovation-development process begins 
with recognitions of a problem or need, which stimulates research and development activities 
designed to create an innovation to solve the problem or need” (p. 137). Integrating laser cutting 
technology into apparel manufacturing processes is hindered by the vast types of textiles in the 
market and the absence of an user manual that provides the necessary information to cut or etch 
these textiles. A large amount of material testing must be completed before a laser cutting job or 
project can be started on textiles, therefore time is wasted. For textile driven companies or 
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educational programs, this time investment can make laser cutting seem more like a burden, than 
a technology that is intended to increase efficiency and sustainability.  
Purpose 
The apparel manufacturing process is one of the largest manufacturing systems to still 
depend heavily on manual labor, but task specific industrial machines are continually developed 
and implemented into production processes to improve the sustainability and efficiency. Using 
an industrial machine, such as a laser cutter, requires time and training to understand the basic 
machine operation and capabilities. The wide adoption of laser cutting textiles by universities, 
companies, and small businesses to cut and embellish (etching) textiles prove that there is a need 
for user information about settings and parameters to cut or etch a variety of textiles. Developing 
a user manual with this information will prevent endless hours of material testing and 
documentation to determine the ideal parameters needed to cut and etch textiles of varying 
weights and fiber contents. Students, educators, laser technicians, and business owners could use 
this manual to reference the power and speed settings necessary to achieve their desired cutting 
or etching appearance for specific textiles.  
 Innovations are often comprised of a hardware component and a software component, 
whereas the software component is considered to be instructions, user information, and overall 
information on how to operate the innovation (Rogers, 2003). In this experimental study 
software will not be developed but instructions and user information will be. With laser cutters 
integrated into the apparel manufacturing process at an exponential rate, instructions for using 
the manual across different disciplines, such as apparel and textile design needs to be developed 
and documented. The researcher’s primary purpose is to reduce this information gap in the 
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apparel and textile industry by creating and testing a user manual for cutting and etching textiles 
with a Trotec CO2 laser cutter. 
Research Questions 
To address the purpose of this research, the following research questions have defined: 
1. What are the optimal guideline parameters for laser cutting and engraving various 
textiles? 
2. How does power and speed affect the cutting and etching of various textiles while 
frequency is maintained constant? 
3. What is the knowledge and perception of students in an apparel design program about 
the use and capabilities of laser cutting in the design process? 
4. How does a user manual for laser cutting and etching textiles facilitate the diffusion 
of laser cutting technology into design classes? 
5. How do the concepts of Rogers’ Diffusion of Innovation theory relate to laser cutting 
within apparel design academia? 
6. How do concepts of math and science intersect with the art and design of fashion in 
the process of understanding laser cutting and etching? 
Objectives 
 In order to complete this experimental design research of laser cutting and etching 
textiles, objectives were developed: 
1. Apply Rogers’ Diffusion of Innovation theory as a theoretical framework to this 
experimental design study. 
2. Pre-test students and their knowledge of laser cutting textiles using a survey design 
(see Appendix A for Pre-test). 
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3. Use ideations, sampling, and design graphics from experimental design process as 
imagery for the user manual. 
4. Create a user manual that documents optimal guideline parameters of power (Watts) 
and speed (Velocity) needed for cutting and etching textiles (see Appendix D for List 
of Textiles) using a Trotec Speedy 400 CO2 laser cutter.1 
5. Test the trialability of the user manual with undergraduate apparel design students in 
a 200 or 300 level patternmaking class (see Appendix B for Trialability Test Survey). 
6. Survey students’ knowledge and perception of laser cutting after testing the usability 
of the manual (see Appendix C for the complete Post-Test). 
7. Design one experimental ensemble that explore the textile and surface design 
capabilities that CO2 laser cutters bring to the apparel industry. 
Scope and Limitations 
To complete the outlined research, the following scope and limitations were defined:  
1. The user manual created in this study was limited to cutting and etching textiles using 
a 40W, Trotec Speedy 400 CO2 laser cutter.  
2. Frequency was a controlled variable and was set to 1,000 PPI for engraving and 5,000 
Hz for cutting when determining optimal guideline parameters for each textile. 
3. A 1.5 inch focal lens was used in this experimental study for cutting and etching 
small textile samples. 
4. The sample in this study was undergraduate students from a Midwestern university 
enrolled garment development courses. 
5. Cutting and etching parameters were developed for the designated textiles. 
                                                1	Although	frequency	is	a	variable	within	Trotec’s	laser	cutting	software,	it	remained	constant	at	1,000	PPI	for	etching	and	5,000	Hz	for	cutting,	for	the	duration	of	this	research.	
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6. The specific list of textiles used in this experimental study are as follows (see 
Appendix D for complete List of Textiles).  
7. Rogers’ Diffusion of Innovation theory was applied to the research process and 
findings in this study. 
8. Some of the laser cutting and etching effects are not visible apparent because of the 
surface design and weave structure of some of the fabrications in the Basic Swatch 
Kit provided by Textile Fabric Consultants, Inc. 
9. One experimental design ensemble will be created that incorporate laser cutting and 
etching different materials. 
Assumptions 
The following assumptions were determined during the research project and experimental 
design:  
1. The fabrications in the Basic Swatch Kit provided by Textile Fabric Consultants, Inc. 
are labeled with the correct fabric name, fiber content, and description.  
2. A laser cutting and etching user manual will be helpful to students, educators and 
professionals when cutting textiles. 
3. A laser cutting and etching textiles user manual will reduce the material testing time 
when determining optimum parameters for cutting specific textiles. 
4. Students who participated in this study have an apparel design focus and interest. 
5. The sample used in this study consists of undergraduate students with some 
patternmaking knowledge. 
6. Laser cutting and material testing for laser cutting is important to the apparel industry 
and academia. 
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7. Rogers’ Diffusion of Innovation theory is an appropriate theoretical framework to use 
for this specific experimental study. 
Definitions of Terms 
C02 laser cutter:  A machine that performs thermal laser cutting process through 
“light via mirrors” (Bogue, 2003, p. 390). 
 
Compatibility: “The degree to which an innovation is perceived as being 
consistent with the existing values, past experiences, and needs of 
potential adopters” (Rogers, 2003, p. 15). 
Complexity:  “The degree to which an innovation is perceived as difficult to 
understand and use” (Rogers, 2003, p.16). 
 
Document Color Mode: “This menu allows you to choose between RGB and CMYK color 
mode” (Lazear, 2012, p. 92). 
 
Hertz (Hz):  This value is a measure of frequency relating to the “laser pulses 
during cutting (Trotec: “Operation Manual Trotec,” 2015, p. 26). 
“This setting determines the number of laser pulses per second 
emitted by the laser during cutting and the values can range from 
1,000-60,000 for CO2 systems” (Trotec: “Operation Manual 
Trotec,” 2015, p. 26). 
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Kerf width: This is the measurement or value of material evaporated or lost 
during the cutting process (Zou & Mahdavian, 2004). 
 
Innovation:  “An idea, practice, or object that is perceived as new by an 
individual or other unit of adoption” (Rogers, 2003, p. 12). 
 
Laser cutting: “A thermal process whereby a focused laser beam is used to melt 
material in a localized area” (Bogue, 2008, p. 390). 
 
Observability:  “The degree to which the results of an innovation are visible to 
others” (Rogers, 2003, p. 16). 
 
Parameters:  A group of values that “need to be considered in order to achieved 
a suitable machine system”(Jackson et. al., 1995, p. 200), and in 
this experiment that values that will be considered are power, 
speed, and frequency. 
 
 
Perceived Attributes of  
Innovation: A list of ideas developed by Rogers (2003) that explains “the 
characteristics of innovations, as perceived by individuals, that 
help to explain their different rates of adoption” (p. 15).  
 
Power:  For this experimental study power will be referred to as the 
“percentage of the maximum laser power” (Trotec: “Operation 
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Manual Trotec,” 2015, p. 26). The level of power determines the 
engraving depth on a 0-100% scale (Trotec: “Operation Manual 
Trotec,” 2015). 
 
Pulses Per Inch (PPI):  “Determines the number of laser pulses per inch emitted by the 
laser during engraving; the adjustment range for this setting is 500-
1000” (Trotec: “Operation Manual Trotec,” 2015, p. 26). 
 
RGB:  RGB refers to a color mode used within Adobe Creative Suite 
programs. It is recognized as an “additive color system of 
primaries and when they are mixed, they create cyan, magenta, 
yellow, and white. This color mode applies to systems that employ 
light such as computer monitors or television sets” (“Color 
Systems”, 2015) 
 
Raster Image: “A raster image is defined as an image or a design that consists of 
closely spaced dots or pixels on a computer monitor” (Colussy & 
Greenberg, 2005, p. 458). 
 
Relative Advantage: “The degree to which an innovation is perceived as better than the 
idea it supersedes” (Rogers, 2003, p. 15). 
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Speed:  For this study speed is measured as a percentage and maximum 
cutting speed is 355cm per second (Trotec: “Operation Manual 
Trotec,” 2015, p. 26). 
 
Stroke:  Adobe Illustrator terminology used to describe “the outline or edge 
of a path/object where one can control its color and thickness” 
(Lasear, 2012, p. 17). 
 
Trialability:  “The degree to which an innovation may be experimented with on 
a limited basis” (Rogers, 2003, p. 16). 
 
Watt:  “A unit for measuring electrical power”. Watt is related to the 
power of the laser cutter in this experimental study (Watt, n.d.). 
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CHAPTER 2. REVIEW OF LITERATURE 
 
Introduction 
“In just a few decades, creative processes and material approaches have undergone a 
computing revolution that has hybridized earlier traditional working methods, defining new 
codes of practice” (Braddock Clarke & Harris, 2012, p. 8). Technologies have revolutionized the 
creative and technical processes of apparel design. This chapter includes a thorough review of 
literature, explaining the historical developments of textile cutting in the apparel industry, 
integration of CO2 laser cutting in the apparel and textile industry, Rogers’ Diffusion of 
Innovation theory, and current methods in which laser cutting technology can be implemented 
into an apparel design creative process model.  
Historical Developments of Textile Cutting in the Apparel Industry 
 Textile and apparel cutting is one of the primary stages in the apparel manufacturing 
process. A “restriction” and set-back of traditional cutting occurs when both the scissors and the 
textiles unintentionally slip from their intended cutting path because the power of manual cutting 
is too great for the “material resistance” (Jackson, Preston & Tao, 1995, p. 198). Manual or 
traditional cutting has been replaced by computerized techniques in large apparel manufacturing 
firms, but manual cutting with scissors is still prevalent in smaller apparel manufacturing 
businesses and educational settings. Although production methods have been improved, several 
studies have been dedicated to the ergonomics of the apparel manufacturing process 
(Chavalitsakulchai & Shahnavaz, 1993; De La Rosa, 2015). Manual and traditional cutting is a 
step in the production process that involves repetitive movements, which can lead to poor human 
body mechanics.  
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Manual Cutting and Ergonomics 
 In a study performed by Chavalitsakulchai and Shahnavaz (1993), 1,000 women were 
surveyed from five different industries to better understand the ergonomics within the 
environment they worked. The researchers developed three categories that define the reasons for 
poor ergonomic conditions of female workers, which include the lack of basic knowledge of 
ergonomic standards, the minimal adoption rate of machinery that could be used to reduce poor 
ergonomics, and inadequate organizations within the workplace (Chavalitsakulchai & 
Shahnavaz, 1993).  
Table 2.1 Organization of Cutting Mechanisms Explained Throughout Chapter 1 
Category of Cutting Type of Cutting 
Mechanism 
Figure and page number 
Located in this research 
Manual Cutting 
 
 
 
 
Stationary Cutters 
 
 
 
Automated Cutters 
 
 
 
Scissors/X-ACTO Knives 
 
Moveable/Portable Knives 
 
 
Band Knives 
 
Die Cutters 
 
Blade 
 
Water Jet 
 
Laser 
- 
 
Figure 2. p. 13 
Figure 3. p. 13 
 
Figure 4. p. 14 
 
Figure 5. p. 15 
 
Figure 6. p. 17 
 
Figure 7. p. 18 
 
Figure 8. p. 19 
 
   
 
Working postures, inadequate machine design, and repetitive working motions were determined 
to be the ergonomic problems determined by Chavalitsakulchai & Shahnavaz (1993). 
Chavalitsakulchai & Shahnavaz (1993) conclude that textile and apparel cutting is problematic 
ergonomically due to its repetitive nature and awkward work posture of humans performing 
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these tasks. The cutting process in the apparel industry has been through many stages of 
improvement historically through the introduction of portable knives, stationary cutters, and 
automated cutting systems; which have in-effect, enhanced ergonomics within the cutting stage 
of the apparel manufacturing process. As these cutting technologies continue to progress, the 
ergonomics of cutting also continues to improve. Using scissors may seem like a technique of the 
past, but manual cutting with scissors is still prevalent in small design houses, sample making, 
and educational settings. Table 2.1 is a guide for the reader to navigate specify cutting 
mechanisms throughout Chapter 2.  
Manual cutting with a scissors. A high percentage of apparel companies still depend on 
manual methods of cutting in their manufacturing process (Wong, Kwong, Mok, Ip, & Chan, 
2005, p. 152). Larger manufacturing companies no longer use scissors for their mass production 
orders. Manual cutting with scissors is ideal for smaller design houses or educational settings, 
but according to Vic De La Rosa (2015) cutting by hand can be a “physical and mental barrier” 
(p.48) when producing ideations or prototypes in apparel design. 
Manual moveable/portable knives. The first advancement made in the cutting process 
after manual cutting with scissors brought the apparel and textile industry moveable or portable 
knives. Moveable knives are hand held machine tools that move through the spread of fabric (a 
stack of fabric) by the operator, and the knives attached are either vertical, straight knives or 
round knives (Pundir, 2007). Between these two machines the only significant difference is the 
blade shape. Figure 2.1A is an image of a straight knife cutting machine (Vilumsone-Nemes, 
2012, p. 95). The build features and the operation capabilities for both machines are very similar 
in the face that they incorporate “a base plate, power system, handle, cutting blade, sharpening 
device, and blade guard” (Pundir, 2007, p. 85). The straight knife and round knife cutting 
 13 
machines are controlled by an operator in a path following or outlining the pattern pieces 
(Pundir, 2007) referred to as a marker. Straight knives can cut lay-ups textiles of larger heights 
depending on the power and size of the machine (Vilumsone-Nemes, 2012).  
 
Figure 2.1 Examples of cutting machines (A) Straight knife moveable/portable (Vilumsone-
Nemes, 2012, p. 92) and (B) Round knife moveable/portable (Vilumsone-Nemes, 
2012, p. 95). 
 
The disadvantages to straight knife cutting include low quality cutting of pattern pieces if 
the operator has little experience, and if the straight knife machine is larger it is less moveable 
and only used for cutting simple shapes (Vilumsone-Nemes, 2012).  
The circular blade on a round knife cuts the fabric as contact is made, whereas vertical 
blades is positioned perpendicular to the fabric and is pushed along the cut line (Pundir, 2007). 
Figure 2.1B is an example of a round knife cutting machine (Vilumsone-Nemes, 2012, p. 95). 
Round knife cutting machines have an advantage at cutting sleek materials because the pressure 
A B 
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from the blade hold the fabric plies in place (Vilumsone-Nemes, 2012). As the apparel industry 
continued to grow, larger cutters for larger production orders were required. Portable cutters 
were no longer feasible or efficient to cut large production runs. 
Stationary Cutting Systems  
 Pundir (2007) mentions that stationary cutting machines are equip with blades or sharp 
devices that maintain a fixed position while the fabric is the variable manipulated.  
 
 
 
 
 
 
 
 
 
 
Figure 2.2 Rexel band knife, stationary cutting machine [Band Knife Cutting Machine]. 
Retrieved December 1, 2015 from //www.directindustry.com/prod/rexel-
118509.html#product-item_1360531.  
 
 
Basic fixed cutting machines typically have either “band knives or die cutters” (Pundir, 2007, p. 
85) as the cutting mechanism. Figure 2.2 is an example of a stationary band knife cutting 
machine. 
Band knife cutters. Band knife cutters are great for cutting through multiple plies of 
fabric because structurally, they consist of a long band of steel that moves through the fabric at a 
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perpendicular angle (Pundir, 2007). Tight angles and hard corners were most ideal for band knife 
cutters (Pundir, 2007). This machine is not ideal for cutting large markers of fabric because the 
pieces would need to be manipulated around the large blade, and because the operator manually 
manipulates the material, the operator’s hands come very close to the blade, leaving high 
potential for injury (Pundir, 2007; Vilumsone-Nemes, 2012).  
Die cutters. Another type of stationary cutter used in the apparel and textile industry is a 
die cutter. Some of the earliest die cutting machines were introduced in the early 1900s 
(Vilumsone-Nemes, 2012).  
 
 
 
 
 
 
 
Figure 2.3 Rotary die cutter [Untitled image of die cutter]. Retrieved December 1, 2015 from 
http://www.advantageconverting.com/capabilities/custom-die-cutting/steel-rule-die-
cutting/.  
 
Figure 2.3 is an image of a round die cutter. Pundir (2007) states that die cutting is the most 
precise cutting method because a metal shape is simply stamped over and over providing 
accurate and consistent shapes.  
Dies are made of a sharp metal-stenciled outline of the exact pattern piece or shape 
(Pundir, 2007). The metal stamp or die is not used for large pattern pieces because the dies 
themselves are expensive to produce (Pundir, 2007). You would see die cutters primarily used on 
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leather or thicker material for pattern pieces that are smaller and demand a higher level of precise 
cutting (Pundir, 2007). Moveable cutters were a big improvement from manual and traditional 
cutting, as stationary cutters were from moveable cutters, but as technology in the apparel 
industry continues to develop the operator’s job continues to change and become less labor 
intensive.  
Automated Cutting Systems 
Technology has proven to be a primary factor of human development in almost any 
country (Uddin, 2006). Automated and computerized cutting systems were a huge technological 
advancement in the apparel and textile cutting process, because when you take out the possibility 
for manual human error, the accuracy of cutting is dramatically increased (Pundir, 2007). 
Currently blade cutting, water-jet cutting, and laser cutting make up the realm of automated 
cutting systems (Pundir, 2007). Computerized systems allow for “instant communication with 
the main control unit, and allow technicians to preprogram multi-step commands, set parameters, 
and start the process with a single-key stroke” (Pundir, 2007, p. 89). Figure 2.4 is an image of 
one of a large automated cutting system developed by Gerber.  
Blade cutting. Vilumsone-Nemes (2012) states that knife cutting is used for various 
materials including textiles leather. Computerized blade cutters consist of several knives that can 
cut multiple layers of fabric and a high speed while maintaining a high level of precision (Pundir, 
2007). While a vacuum system gently holds down the fabric during the cutting process to 
minimize slippage and movement, the blades move along the X and Y-axis during the cut job 
(Pundir, 2007). The knives on this particular cutting system can be adjusted in height depending 
on the thickness of the material (Pundir, 2007). Another, more advanced, automated cutting 
system has removed the blade completely.  
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Figure 2.4 Gerber S-91 high-ply cutter [Untitled image of a Gerber S-91]. Retrieved December 
1, 2015 from http://www.sewingindustrialmachines.com/cutting/gerber_cutters.html. 
 
Water-jet cutting. Water-jet cutting forces a very narrow stream of water at a high 
pressure to cut various materials without getting the material wet (Pundir, 2007). An 
environmental advantage of water-jet cutting is the fact that it does not exert harmful chemicals 
into the air during cutting (Pundir, 2007). Depending on what fabrications and apparel 
manufacturing company plans on cutting they will need to consider the advantages and 
disadvantages of water-jet cutting. Figure 2.5 is an image of a water-jet cutter operating on 
granite. Water-jet cutters provide the opportunity to cut multiple plies of fabric at once, but this 
technique also runs the risk of tangled yarns along the cut line (Pundir, 2007, p.90).  This 
machine would be beneficial if a company was looking to cut non-woven fabrications, such as 
leather, plastic, or vinyl. The idea of laser cutting is very similar to the idea of water-jet cutting, 
but instead of using a miniscule jet stream of high water pressure, laser cutting uses a narrow 
beam of light while no pressure is exerted on the material (Pundir, 2007). 
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. 
Figure 2.5 Water-jet cutter. [Untitled image of a water-jet cutter]. Retrieved December 1, 2015 
from http://www.coreindustry.net/waterjet.php. 
 
Laser Cutting. Laser cutting is a technological advancement and an automated cutting 
method that is being used across a broad spectrum of industries (Yusoff, Osman, Othman, & Zin, 
2010). “One of the first industrial laser cutting machines was invented by Messer Griesheim in 
1972, and further developments of laser cutting machines in the 1970s and 1980s led to a 
widespread use of laser cutting” (Vilumsone-Nemes, 2012, p. 117). CO2 laser cutters perform 
using a beam of thermal energy that bounces off several mirrors and a lens which focuses the 
beam onto the material at a very specific point (Bogue, 2008). Laser cutting is one of the most 
common uses of laser technology and Zheng et. al. (1996) and Bogue (2008) describe some of 
the advantages of laser cutting: (a) one of the fastest automated cutting systems/processes, (b) 
there is no contact between the cutting device and the material thus little to no wear on the tools, 
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(c) it is successful in cutting almost any type of material, and (d) the process can be easily 
regulated for high adaptability and quality control.   
 
 
 
 
 
 
 
 
 
Figure 2.6 Trotec Speedy 400 laser cutter. [Speedy 400 laser engraving machine]. Retrieved 
December 1, 2015 from http://www.troteclaser.com/en-US/Laser-
Machines/Pages/laser-engraving-machines-speedy.aspx. 
 
The laser beam is intended to have a small kerf width while cutting without contact along vector 
lines that can be created in vector design software such as Adobe Illustrator (De La Rosa, 2015). 
Kerf width is defined as the material that has been “evaporated or melted” (Zou & Mahdavian, 
2004, p. 191) during the cutting process. Figure 2.6 is an image a CO2 Trotec Speedy 400 Laser 
Cutter. 
Another advantage of laser cutting technology is the ability to control or change the 
power and intensity of cutting in accordance with material thickness and density (Ozguney, 
2007). Some of the disadvantages of laser cutting include: (a) the use of a lot of energy, (b) 
possible changes within the structure of the fabrication due to thermal effects, (c) inability to cut 
reflective materials, (d) possible toxic fumes in cutting certain materials with a chemical make-
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up or finish, and (e) a large initial purchase cost of the machine (Vilumsone-Nemes, 2012). Laser 
cutting is used in many industries including the apparel and textile industry.  
Introduction of Co2 Laser Cutting Technologies in the Apparel and Textile Industry 
 
 Laser cutting, which was once a process only used only in engineering is now a standard 
of practice within the apparel industry at “macro and micro levels” (Juciene, Urbelis, 
Juchneviciene, Cepukone, 2014, p. 662), such as cutting garment pattern pieces as well as cutting 
or engraving delicate internal shapes (De La Rosa, 2015). Automated cutting systems such as 
laser cutting in the apparel and textile industry have diminished the idea of hand cutting, thus 
reducing physical and mental stress, poor ergonomics conditions and allowing the creative mind 
to expand its realm of capabilities during micro cutting processes (De La Rosa, 2015). One of the 
primary factors that go into cutting and engraving textiles is the control of power and velocity 
because the correct balance of the two values will prevent the laser from damaging the fabric 
(Jackson et. al., 1995).  Juciene et. al. (2014) states that laser technology can change the 
appearance or surface of textiles which in turn allows users to develop their own unique 
fabrications. The introduction of laser cutting to the apparel industry was an advancement that 
not only allows for faster cutting, but it allows designers to etch patterns and designs on the 
surface of the textile as well. The introduction of laser cutting into the apparel and textile 
industry is important to understand before one can understand the impact of CO2 laser cutting 
within the industry. 
Technological advances in laser cutting such as improved velocity, precision, and 
maneuverability of cutting lines have impacted apparel and textile cutting processes (Pundir, 
2007). In traditional methods of blade cutting the probability of post-cut fraying along the cut 
edge was very high. However, during the laser cutting process, the laser emits heat, creating a 
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thermal reaction that occurs during the cutting process leaving the raw edges crisp (Pundir, 2007; 
De La Rosa, 2015). Depending on the fiber content, for instance if the textile is made of 
synthetic fibers, the thermal power of the laser will slightly melt or seal the edges, which 
prevents fraying (Pundir, 2007; De La Rosa, 2015; Bamforth, Williams, & Jackson 2005; 
Vilumsone-Nemes, 2012). A disadvantage to the edges sealing from the thermal cutting is the 
inability to cut multiple plies at a time due to the fusing of layers (Pundir, 2007).   
 Laser cutters allow for cutting jobs to be completed at a faster rate to than traditional 
cutting methods, therefore the intricacy of the computer-generated design can be easily 
increased. As a consequence, the reproducibility of surface engraving and cut designs are 
extremely controlled, which increases the value and benefits the quality assurance aspect of the 
apparel manufacturing process (Ondogan, Pamuk, Ondogan, & Ozguney 2005). Laser cutting not 
only enhances the efficiency of the cutting process, but also the overall aesthetic surface 
characteristics can be changes such as, color, pattern design, and texture (Yuan, Jiang, Newton, 
Fan, & Au, 2012). Ondogan et. al. (2005) concluded in their study that laser cut designs will 
have a positive effect on apparel and textiles by enhancing the perceived value and quality of 
apparel products. The capabilities of laser cutting in the textile and apparel industry have only 
been explored minimally. Yuan et. al. (2012) states that laser treatment of textiles will “open the 
door for novel fashion design and have great potential applications in the textile industry” (p. 
54). 
How Laser Cutting Supports Sustainability in the Apparel Industry 
 Laser cutters are becoming economically priced allowing small manufacturing companies 
the opportunity to invest in a laser cutting machine (Vilumsone-Nemes, 2012). The initial capital 
cost of laser cutting equipment is a worthwhile investment since, it saves businesses time in 
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cutting and reduces waste of material during the cutting process. Laser cutters have the ability to 
reduce the waste of textiles when cutting a marker (Vilumsone-Nemes, 2012).  Zou & 
Mahdavian (2004) state that some of the main reasons for implementing laser cutting into any 
given industry are lower cost, higher production speeds, and better quality cutting. The 
sustainability factors that a laser cutting machine provides to the apparel industry are evident; 
however, the toxic fumes from cutting synthetic fibers or chemically coated materials is one of 
the negative consequences of the technology (Bogue, 2008). Laser technology allows companies 
to produce with a quick response items and samples, leaving behind print minimums and major 
costs of capital machinery and research and development (De La Rosa, 2015). The ability to 
change the garment at a just-in-time manufacturing rate lowers inventory, increases the 
production speed, and increases the overall perceived value of apparel products. While reducing 
waste and increasing efficiency is an evident sustainability benefit, the laser cutting process is 
also replacing environmentally hazardous surface design techniques, such as the creation of 
burnout velvets that require the use of caustic acids to partially remove fibers to recreate patterns. 
 Juciene et. al. (2014) states that the most commonly used fabrication for laser treatment is 
denim. When replicating a decorated, destructed, or worn out denim wash, the laser cutter 
eliminates some of the substances that are used in traditional methods that were considered to be 
harmful to the environment (Ondogan et. al., 2005; Ozguney, 2007; Juciene; 2014), plus 
eliminates the use of water to achieve these aesthetics. Laser technologies such as engraving 
eliminates abrasion or distortion of the textile to the denim wash process leaving behind the 
traditional methods of sanding and stoning (Ondogan et. al., 2005; Juciene, 2014). CO2 laser 
cutting provides benefits to the apparel and textile industry in the areas of, efficiency, design-
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ability, and sustainability. Academia and industry are two primary settings where the influence 
of laser cutting needs to catch on for rapid acceptance of this cutting process.  
Acceptance and Use of Laser Cutting in Academia and Industry 
 Because laser cutters are becoming affordable, apparel programs at design schools and 
universities are able to implement low power laser cutters into their learning curricula 
(Vilumsone-Nemes, 2012; Secor & Carpenter, 1996). The importance of learning and using 
computer aided design, which includes the software used to create laser cut designs, in education 
is becoming increasingly important to future employers (Goutman, 1996). Laser cutting has 
established itself as a branch of computer-aided design and computer aided manufacturing. 
Collier and Collier (1990) state that it is an important and essential task of apparel and textile 
educations to teach the significance of computer aided design, as technology is now at the 
forefront of design in the apparel and textile industry. “In the studio, laser technology has the 
broadest potential in the textile arts—transforming studio work and helping designers, artists, 
and students realize potential with greater capacity” (De La Rosa, 2015, p. 47).  Vic De La Rosa 
(2015), who is an artist and professor at San Francisco State University, posits that the laser 
technology adoption in industry and academia is happening more rapidly than any other former 
textile digital technology. The apparel industry is rapidly accepting and using laser cutting 
technology in high-end couture companies, large apparel corporations, and even small 
manufacturing businesses are creating and altering garments from denim jeans to evening wear. 
 Well-known designers such as Alexander McQueen and Iris Van Herpen are prime 
examples of cutting edge fashion designers who have introduced non-traditional methods of 
design such as digital printing, 3D printing, and laser cutting to the apparel design industry in 
ways that never had been explored (De La Rosa, 2015). These high-end designers provide 
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inspiration to other apparel companies and introduced their use of technology at several different 
price points (De La Rosa, 2015). Alexander McQueen and Iris Van Herpen introduced the idea 
of laser cutting to the apparel industry with their Avant Garde design innovations, whereas other 
high-end designers such as Valentino, Marchesa, and Giles have introduced laser cutting through 
uses similar in appearance to leather tooling and surface imaging which broadens the idea of 
traditional fabric printing (De La Rosa, 2015), forcing the apparel and textile manufacturing 
industry has to keep up with these trends. In this ever-changing technology era, consumers are 
constantly looking for the new and improved design along with products that have perceived 
value and quality (Ondogan et. al., 2005). “The laser technology, which has yielded successful 
results serving the desired purposes, will give inspiration to future research and development of 
products as well as pave the way for the development of new products and methods” (Ondogan 
et. al., 2005, p. 637). Laser cutting is a technology or innovation that has been rapidly diffused in 
the apparel industry. Rogers’ Diffusion of Innovation theory appropriately explains the rapid 
diffusion of laser cutting throughout the apparel industry.  
Laser Cutting Technology  
 There are several hardware and software systems utilized during the laser cutting process. 
The vector graphics software and the laser software are key components to material testing when 
laser cutting textiles. Figure 2.7 is a diagram of how the software and hardware portions laser 
cutting interact with each other. 
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Figure 2.7 Hardware and software relationship (Trotec, “Operation Manual Trotec,” 2015, p. 
11). 
 
 Vector graphics software. Adobe Illustrator CS6 is a vector based design program that 
can be used for creating laser cut files. In order for an Adobe Illustrator file to communicate with 
the laser software, there are some important color and stroke weight specifications that need to 
be considered. The Document Color Mode of the Adobe Illustrator file should be set to Red, 
Green, and Blue (RGB) (Trotec: “How to create,” 2015). 
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Figure 2.8 Red, Green, and Blue (RGB) color value chart (Trotec, “Operation Manual Trotec,” 
2015, p. 125). 
 
 Two RGB colors Trotec recommends are Red, with RGB levels of 255, 0, 0, and Black, 
with RGB levels of 0, 0, 0 (Trotec: “Operation Manual Trotec,” 2015). Red lines are typically 
used as cutting lines and black lines or fills represent etching shapes. There are fourteen other 
colors that can be utilized if an experiment requires several different parameters in one cutting 
job. Figure 2.8 represents the RGB colors that are readable by Trotec laser software. The stroke 
weight refers to the thickness of the vector lines, and the default unit of measurement for stroke 
weight is points (1pt=0.3528mm) (Golding, 2015). In order for the laser software to read the 
Adobe Illustrator file accurately, cutting lines must be represented with a stroke weight of 
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0.003pt (Trotec: “Operation Manual Trotec,” 2015). When engraving is the purpose of the 
design, etching lines and/or fills must be represented with a stroke weight of > 0.100pt and the 
fill color must be Black (0, 0, 0) or the vector engraving lines and fills will not be visible (Cut 
Laser Cut, 2015). 
 Laser software. Trotec Job Control is the laser software that is used for easy 
communication between the Adobe Illustrator CS6 design software to the Trotec Speedy 400 
CO2 laser machine (Trotec: “Operation Manual Trotec,” 2015, p. 6). Once the Adobe Illustrator 
design is complete, the Trotec printer driver allows the operator to manage laser cutting 
parameters and Job Control settings from the Adobe Illustrator printing dialogue box (Trotec: 
“Operation Manual Trotec,” 2015, p. 11). Figure 2.9 shows the Expert Printer Driver for Job 
Control and what variables can be adjusted for laser cutting. When the graphic has been printed, 
the graphic will appear on the plate in Job Control with the ability to be repositioned (Trotec: 
“Operation Manual Trotec,” 2015, p. 11). The manipulation of parameters to determine optimal 
cutting and engraving settings for each textile sample will be done in Job Control.  
 The parameters that can be adjusted when laser cutting or etching are power (represented 
as a percentage), speed (represented as a percentage), and frequency (represented in pulses per 
inch or hertz) (Trotec: “Operation Manual Trotec,” 2015). 
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Figure 2.9 Expert print driver: settings and variables (Trotec, “Operation Manual Trotec,” 2015, 
p. 15). 
 
The value for power can range from 0 – 100%. For instance if a laser machine’s total power was 
40 watts, 100% power would equal 40 watts (Trotec: “Operation Manual Trotec,” 2015, p. 26). 
Speed is also represented as a percentage and when looking at the Trotec Speedy 400 Laser 
cutter, which has a maximum processing speed of 355 cm/second, 100% cutting/ engraving 
speed would equal 355 cm/second (Trotec: “Operation Manual Trotec,” 2015, p. 26). Frequency 
values which are represented in pulses per inch (PPI), which applies to engraving and hertz (Hz), 
which applies to cutting (Trotec: “Operation Manual Trotec,” 2015). PPI can be adjusted from 
values of 500 to 1,000, and an aesthetically pleasing result is obtained when the PPI value is at 
least equal to, or larger than the dpi, which can be adjusted in the Expert Printer Driver (Trotec: 
Power (W) for Engraving 
Speed (V) for Engraving 
Frequency (PPI) for Engraving 
Frequency (Hz) for cutting 
Speed (V) for cutting 
Power (W) for cutting 
Category: Fabric 
Textile: Fabric Name 
Parameters/variables that 
can be manipulated 
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“Operation Manual Trotec,” 2015, p. 26). Hertz is the measure of frequency that is used when 
laser cutting rather than engraving, and it translates as “laser pulses per second emitted by the 
laser” (p. 26) and can be adjusted in values ranging from 1,000 – 60,000 (Trotec: “Operation 
Manual Trotec,” 2015). 
 Another feature of the Job Control laser cutting software that can be used to manage the 
varying, optimal guideline parameters for different materials that have been tested is the material 
database (Trotec: “Operation Manual Trotec,” 2015). The material database is a central location 
within Job Control where new materials and their designated parameters can be added in an 
organized manner (Trotec: “Operation Manual Trotec,” 2015).  
Rogers’ Diffusion of Innovation Theory 
 Rogers’ Diffusion of Innovation theory is defined as “the process in which an innovation 
is communicated through certain channels over time among the members of a social system” 
(Rogers, 2003, p. 5). There are four stages within Rogers’ Diffusion of Innovation, which 
include: (a) innovation, (b) communication channels, (c) time, and (d) social system, and each 
stage all must be passed through by members of a system in order for an innovation to be fully 
diffused within a social system (Rogers, 2003). When diffusion occurs, the structure and function 
of a social system is altered (Rogers, 2003).  
Innovation 
 Innovation is the first stage and for something to be considered an innovation the product 
or method must be recognized as original or unknown to an individual or group of people within 
the social system (Rogers, 2003). Technology and innovation are terms that are often used 
interchangeably (Rogers, 2003). The term technology is used a lot today when speaking about 
the apparel industry. Rogers explains five characteristics of an innovation to help defy the 
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adoption rate (Rogers, 2003). Relative advantage is the first attribute, which is the idea that the 
new technology or innovation is superior to former products or methods used by the social 
system (Rogers, 2003). Compatibility is the second attribute of an innovation, and it is the idea of 
potential unity between the innovation and the possible users (Rogers, 2003). Complexity is the 
third attribute of an innovation, and it is defined as the perceived level of difficulty in the ability 
to comprehend the capabilities, as well as the ability to use the innovation (Rogers, 2003). 
Trialability is the fourth attribute of an innovation and it can be recognized as the ease of use in 
test run of the innovation before a purchase decision is made (Rogers, 2003). Observability is the 
final characteristic and it can be measured by whether or not the results of the innovation are 
identifiable to other members within the social group (Rogers, 2003).  
According to Rogers, these five characteristics help determine whether or not an 
innovation is going to be accepted within a social group. Innovations have a higher chance of a 
rapid adoption rate tend to have a “greater relative advantage, compatibility, trialability, and 
observability with less complexity” (Rogers, 2003, p. 16). Pundir (2007) explains that for a 
product to function as an innovation, the effect the innovation brings must be perceived as new 
or novel compared to already existing techniques or products. Once an innovation is established, 
information must get out about the innovation for the popularity of the innovation to spread 
(Rogers, 2003). 
Communication Channels 
 Positive communication about an innovation is necessary for an innovation to reach and 
fulfill the next step within the diffusion process. The communication process does not have to 
take place between members of the same social system, but communication concerning the new 
idea or innovation must be positive and convincing in order for the innovation to move to the 
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next step within the diffusion process (Rogers, 2003). Communication does not only have to take 
place among individuals, but it can also take place within media channels and news outlets such 
as radio, television, newspaper and Internet (Rogers, 2003). This stage in the diffusion process 
relates directly to the apparel industry when fashion forecasters discover innovative trends and 
ideas and those innovative ideas are moved throughout the fashion blogs and the marketplace 
(Pundir, 2007). Therefore: 
Fashion scouts—journalists, fashion directors, forecasters, and merchants—have the 
ability to recognize and transmit fads from subgroup to mainstream because they have 
unique understanding of both. Tastemakers—celebrities, models, fashion stylists, and 
fashion leaders—increase the visibility of the innovation and make it acceptable to more 
consumers. (Pundir, 2007, p. 203) 
 
Positive communication must occur among communication channels in order for an innovation 
to reach the next stage in the diffusion process, which is time. 
Time 
 The time dimension in Rogers’ Diffusion of Innovation theory is the rate at which the 
information from the communication channel processes before a decision is made about adopting 
the innovation (Roger, 2003). There are several different elements that go into the stage of time 
within Rogers’ theory. Innovation decision process, the adopter category of the social system in 
which the innovation is being adopted, and the adoption rate within a system are all essential 
sub-stages that happen with the time stage of the overall diffusion of innovation process (Rogers, 
2003). The innovation decision process and innovation decision period are respectively defined 
as the process of making a decision and time it takes for that decision or conclusion to be made 
in regards to adapting or rejecting the innovation (Rogers, 2003). The innovation decision period 
is likely to be different across different social groups, the decision period will also vary based on 
the innovation (D, 2003). Depending on the rate of adoption and how rapidly the social group 
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adopts the innovation, Rogers’ developed categories for individuals along the adoption curve 
(Rogers, 2003). The classification for the members along the adoption curve includes: 
innovators, early adopters, early majority, late majority, and laggards (Rogers, 2003). This 
element also relates directly to the apparel and textile industry among trends in fashion. The S-
curve from innovators to laggards is used to determine the rate at which trends are widely 
accepted. When an S-curve is developed to represent the rate of adoption, a steep curve 
represents rapid adoption while a more gradual curve represents a slower adoption rate (Rogers, 
2003).  
Social System 
 The fourth stage in Rogers’ Diffusion of Innovation theory is the social system, here is 
where the innovation becomes full diffused or not (Rogers, 2003). “A social system is defined as 
a set of interrelated units that are engaged in a joint problem solving to accomplish a common 
goal” (Rogers, 2003, p.23). In an established social group the system itself contains a 
hierarchical structure, with positions in a high rank to low rank (Rogers, 2003). Rogers explains 
that individuals who are considered opinion leaders within a social system, give the social 
system information about new innovations and give their suggestions on whether to adopt the 
innovation (2003). In order for opinion leaders to maintain their influential identity within a 
social system they must be at the center of communications within the social group, and they 
must portray technological expertise, trust among members of the social group, and adaption to 
the systems core values (Rogers, 2003). Change agents play a role in the introduction of the 
innovation to the social system (Rogers, 2003). Change agents have the ability to speed up or 
slow down the rate of adoption according to whether or not they believe it will be beneficial to 
the social system (Rogers, 2003). The adoption of an innovation may not always be a positive 
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one, but change agents seek to propose innovations that will have a “desirable, direct, and 
anticipated” effect (Rogers, 2003, p. 31).  
 Rogers’ Diffusion of Innovation theory is directly related to the development and 
integration of laser cutting within the apparel and textile industry. The stages of adoption 
pertaining to whether or not laser cutting should be adopted occur within apparel companies as 
well as educational apparel programs, is a segment of this research. The adoption of the 
innovation goes through standardized decision making phases. Another process that has been 
affected by technology and the laser cutting process is the apparel design creative process model. 
Integrating Laser Cutting Technology into an Apparel Design Creative Process Model 
 
 “The creative process is a multifaceted and dynamic path of thinking required to execute 
a project in a design-based discipline” (Huber, Leigh, & Tremblay, 2012). The creative process 
is a method that has been studied by scholars across many different design disciplines to 
determine a specific set of stages a designer goes through from inspiration to final product. 
Huber et. al. (2012) explains that the design process is not obvious or clear in terms of how 
designers come to conclusions, but if educators and researchers had further understanding of the 
creative process of students, creative thinking could be easily trained within the classroom. 
Creative Process Model in Apparel Design 
  Parsons and Campbell (2004) used a four-stage design process in their experimental 
design research that directly related to the use of technology and the creative design process. The 
first stage in the creative design process used by Parsons and Campbell (2004) was problem 
identification, which is defined as recognizing design and technical aspects that need creative 
exploring. The second stage is conceptual design or the act of ideating and visualizing the 
technical application (Parsons & Campbell, 2004). The third stage is the prototype, which 
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includes pattern making, fabric manipulation, and technical samples (Parsons & Campbell, 
2004). The last stage in Parsons & Campbell’s (2004) creative process is solution or finishing of 
the garment. The creative process in apparel design is not a linear process and many stages of the 
process are repeated several times before the designer comes to a final solution. The creative 
process model has been studied for decades and since technology and computer aided design 
have been implemented into the apparel manufacturing process, designers had to re-learn the 
process of design. 
Effect of Technology Advancement in the Creative Design Process 
 The apparel industry has implemented new technology into their manufacturing process 
at an exponential rate, and there is currently and urgent need for apparel programs to integrate 
courses where students learn applicable knowledge of computer aided design systems (Sparks & 
Meador, 1996). Secor and Carpenter (1996) reported that designers had an initial, short-lived fear 
of losing artistic abilities coinciding with the use of computers in design. After computer aided 
design was introduced to the apparel industry designers realized that the software itself does not 
aid in creating the designs, but it saves time and increases efficiency within the apparel design 
process (Secor & Carpenter, 1996). With industry professionals, educators, and students learning 
about the technological advances, the creative design process inevitably begins to change.  “In a 
rapidly changing technological environment, the possibilities for new approaches to the design 
process, changes in production methods, and changes in product types need to be addressed by 
both design researchers and practicing designers” (Parsons & Campbell, 2004, p.88). In Parsons 
and Campbell’s experimental design study, they argued that the creative process would continue 
to change as designers become more familiar with computer aided design and computer aided 
manufacturing systems (Parsons & Campbell, 2004). When new technology is introduced to a 
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social system the capabilities and boundaries are unexplored. Designers must start to approach a 
new technology in the design process with a more experimental design purpose (Parsons & 
Campbell, 2004). This will allow users to become more familiar with the capabilities of the 
system. Sub-problems involving the lack of technological knowledge will interfere with the 
overall design problem, but the idea of approaching multiple sub-problems in the middle of the 
design process coincide with the idea that the design process is a non-linear and non-
standardized process (Parsons & Campbell, 2004). The creative design process involving new 
technology is never a linear process but extremely difficult and multifaceted because of the 
learning curve of operating the technology along with discovering the design capabilities the 
technology holds (Parsons & Campbell, 2004). “It is the role of the artist/designer to push the 
limits of new technologies as they search for ways to expand creative possibilities. The evolution 
in the perception of the role of digital tools in the design process will illuminate new modes of 
thinking for future markets and products” (Parsons & Campbell, 2004, p. 98).  
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CHAPTER 3. METHODS 
 
Experimental Research Framework 
 Figure 3.1 is a representation of this experimental research framework. There were five 
components to this research which included three main stages: (a) textile testing to develop 
optimal parameters for laser cutting and etching, (b) documenting the parameters information in 
a user manual format, and (c) testing the manual’s usability on undergraduate apparel design 
students.  This experimental research also demonstrated the researcher’s design skills and how 
they relate to the material testing and sample testing. The project resulted in the researcher’s 
creation of experimental design ensemble that incorporated various textiles and cutting 
parameters. 
 
Figure 3.1 Researcher’s graphical representation of the experimental research framework. 
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Textile Samples and Material Testing 
 For this experimental study a Trotec Speedy 400 CO2 laser machine in the Apparel 
Merchandising and Design (AMD) department at Iowa State University was used. The maximum 
processing speed of the Trotec Speedy 400 laser machine is 355 centimeters per second (139 
inches per second) (Trotec: “Operation Manual Trotec,” 2015). Trotec Speedy 400 Laser 
machines can range from 40 – 120 watts (W), and the laser machine used in this experiment had 
a relatively low power level of 40 watts (Trotec: “Operation Manual 8023,” 2015). Trotec 
provided different lenses which are specific to the machine, materials being cut/etch, and detail 
of the graphics (Trotec, “How to select,” 2015). The lens that was used in this experimental 
study was chosen based on the materials tested and detail of the graphic.  The 1.5” CO2 lens was 
used for this experimental study because according to the Trotec Handbook for Engravers the 
1.5” lens is used for engraving applications that contain high detail and cutting applications with 
laser power levels that are low and thin substrates such as textiles and paper (Trotec, “Handbook 
for engravers,” 2015, p. 27). Frequency was kept as a control to minimize the variables that were 
adjusted in order for the balance of power and speed to be easily replicated with laser machines 
of different wattage.  For engraving textiles, the frequency was 1,000 PPI and for cutting textiles, 
the frequency was 5,000 Hz. 
Textile Samples 
 There were a total of 127 textile samples tested in this experimental study. A list of the 
textiles and their fiber contents were listed in Appendix D. Textile Fabric Consultants, Inc. is a 
“supplier of fabric swatch kits used in teaching textiles” (Textile Fabric consultants: About us, 
2009). The Basic Swatch Kit from Textile Fabric Consultants, Inc was used for most of the 
textile samples. The textiles were representative of the apparel and textile industry as a whole. 
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The fabrics were organized by Fibers, Yarns, Plain Weaves, Basket Weaves, Twill Weaves, 
Satin Weaves, Figure Weaves, Knits, Films/Fiberweb Structures, Composite Fabrics, Finishes, 
and Dye/Print Methods (Basic swatch kit, 2010). The fabric name and fiber content were 
included for each fabric so the designer could choose cutting or etching parameters that have 
exact or similar fabrication qualities.  
Determining Optimal Guideline Cutting and Etching Parameters 
 The effect a laser has on cutting and etching textiles can vary dramatically depending on 
the power, speed, and frequency levels. The quality of the cut or the etching depth on the textile 
is adjusted according what the desired aesthetic outcome might be. The relationship between 
power and speed will be especially important when testing textiles. For instance, with a high 
power value and a slow speed value, the laser beam has more exposure to the textile with higher 
potential for burned or discoloration of the textile and wider kerf width (Yusoff, et. al., 2010; 
Zheng et. al., 1996). During the laser cutting process, the power and velocity must be controlled 
in order to regulate and minimize damage from the laser (Jackson et. al., 1995). This opposite 
effect can occur when the speed value is too high and power value is too low, where “the cut 
does not fully penetrate the material and a groove will be produced in the material surface” 
(Powell, 1993, p. 94; Zheng et. al. 1996). Many studies have been performed with the purpose of 
developing specific parameters needed for laser cutting and etching varying materials such as 
wood, metal, plastics, and textiles. Looking at journals across multiple disciplines where those 
harder industrial materials were being analyzed (Powell, 1993; Zeng et. al., 1996; Zou & 
Mahdavian, 2004), the characteristics that define a quality cut and a quality etch were very 
relatable to articles studying laser cutting of textiles (Jucience et. al., 2014; Yuan et. al., 2011). 
Visual characteristics that define a quality laser cut and a quality etch were pulled from multiple 
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disciplines to create a list of attributes that will define a basic cut and a basic etch for this 
experimental study. The power and speed values were recorded for each textile sample if all 
cutting and etching attributes have been met. The attributes that were used for this experimental 
study for both laser cutting and etching are below.  
 Cutting. These attributes are defined by as: 
1. No apparent residual burning or discoloration on the edges or surface of textiles with 
a thickness less than 1/16 inch2 (Powell, 1993; Yusoff et. al., 2010; Zeng et. al., 1996; 
Zou & Mahdavian, 2004; Yibas, 1996).   
2. The textile has been completely cut through along the designated cut line, without any 
fibers left attached (Powell, 1993; Yusoff et. al., 2010; Zheng et. al., 1996; Yibas, 
1996). 
3. The kerf width is extremely narrow, resulting in minimal vaporization of material 
along the cut line (Powell, 1993; Yusoff et. al., 2010; Zheng et. al., 1996; Yibas, 
1996). 
 Etching. Researcher has defined these attributes as: 
1. There is an apparent color difference between original textile and etched portion of 
textile (Jucience et. al., 2014; Yuan et. al., 2011). 
2. There are no apparent holes or through-cutting on the etched portion of the textile 
(Jucience et. al., 2014; Yuan et. al., 2011). 
 
 
 
 
                                                2	There	will	be	no	residual	burning	for	most	textiles,	but	if	you	are	cutting	a	protein	fiber	such	as	wool,	leather,	or	silk	there	will	likely	be	residual	burning.	
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Documenting the Optimal Guideline Parameters  
for Laser Cutting and Etching Textile Samples 
 
 During stage one of the research process, material testing and textile sampling, the 
researcher will document the power (W) and speed (V) for each laser cutting and etching textile 
sample in the form of an informative user manual. It is important to note that 1,000 PPI was used 
as the frequency value for etching, while 5,000 Hz was used as the frequency value for cutting. 
The purpose of creating this user manual was to provide guideline parameters for a basic laser 
cut and basic etch. The parameters that were documented are standard values in which the 
designer has the ability utilize or adjust according to their desired end appearance of their design. 
The intended audiences of the user manual will be students and professors in academia as well as 
apparel and textile industry professionals who have access to a 40W, CO2 laser cutter. The 
proportion of power and speed can be adjusted depending on the wattage of laser machine.  
Description of the User Manual Chapters 
 In chapter one of the user manual the audience is informed of how laser cutting is being 
used today in the apparel and textile industry. The importance of having a user manual that lists 
the optimal guideline parameters of numerous textiles is addressed in chapter one as well. See 
Appendix I for a preview of the user manual. 
 Chapter two provides explanation of the controls for the experiment including the specific 
laser machine, wattage of the system, and the frequency values for etching and cutting. In 
chapter two the cutting and etching textile sample graphic, created by Adobe Illustrator, is also 
shown. Reasoning for the cutting and etching design is explained as well.  
 Because the manual contains images of textile samples with guidelines for cutting and 
etching, and the designer has the ability to adjust the parameters as they wish, the third chapter is 
dedicated to explaining the relationship between power and speed. In this chapter, a textile 
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swatch was presented with the guideline parameters.  The same textile sample displayed 
demonstrated what it looked like when power was increased, and also when speed was increased 
or decreased. Showing the same textile swatch etched at different parameters will help visually 
explain how manipulating power and speed can affect the outcome of etching on textiles. This 
chapter provides some insight into the relationship between laser power and speed. Here the 
users are guided to determine how they would manipulate their parameters according to their 
desired end aesthetic.  
 The fourth chapter provides the cutting and etching parameters as well as a tested sample 
for each fabrication. Cutting and etching parameters and samples were provided for all specified 
textiles, but there were some textiles that were not ideal for cutting or etching because of delicate 
nature of some fabrication. If there is no visual color difference or the fabric is inevitably 
damaged during the testing of cutting and etching parameters, those textiles were noted on their 
individual pages.  
 When the user manual was completed, undergraduate apparel design students were asked 
to complete a survey relating to the user manual and Rogers’ perceived attributes of innovation 
in order to help predict the probability of the user manual’s adoption within the apparel design 
social system (Rogers, 2003).  
Sample 
 A convenience sample was necessary in order for the sample to complete all steps of the 
researcher’s diffusion pre-test, trialability test, and post-test. Undergraduate apparel design 
students with patternmaking background knowledge and access to a Trotec Speedy 400 CO2 
Laser Cutter in a United States Midwestern university were recruited to participate in the 
researcher’s pre-test, trialability test, and post-test. All three surveys were administered through 
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Qualtrics. The sample for this study consisted of 23 female and 3 male undergraduate students 
who are enrolled in or have completed an entry-level flat patternmaking or draping class. The 
convenience sample was necessary for this study because the students needed to have 
patternmaking and textile design knowledge as well as on site access to a 40W, Trotec Speedy 
400 CO2 laser cutter. After approval of the research by the university’s Institutional Research 
Board, the sample was recruited through email, flyers, and class visits; plus incentivized through 
offering extra credit points by instructors and a free laser cut bracelet.  
Pre-test  
 To help predict the adoption of the laser cutting and etching textiles user manual within 
the apparel design social system a pre-test was conducted to determine the undergraduate apparel 
design student’s background knowledge of laser cutting and how it relates to the apparel design 
process (see Appendix A). Quantitative data was collected through closed-ended and open-ended 
questions about to prior knowledge of laser cutters, if participants thought laser cutters might be 
useful to the apparel design industry compared to standard cutting practices, and whether 
participants thought laser cutters would become a standard cutting and surface design technique 
within the apparel industry. Pre-test questions can be found in Appendix A. 
Trialability Test  
 Once these students completed the pre-test, they were asked to complete several tasks that 
directly relates to the user manual. Participants were asked to take a minute and glance over the 
user manual’s layout and skim through the first couple pages of the manual. Then the 
participants were asked to find what the cutting parameters for silk organza were according to 
the user manual. They were also asked scenario questions, which referred to the relationship of 
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power and speed. Following the online trialability test survey each student took the post-test. The 
trialability test can be found in Appendix B.  
Post-test  
 After the student completed the trialability test, they were asked to participate in a post-
test that allowed the student a chance to give feedback on the user manual as well as suggestions 
for edits (see Appendix C – the post-test). The goal was to test the usability of the user manual 
and determine the influence of Rogers’ perceived attributes of innovation to determine whether 
the laser cutting and etching textiles user manual had a favorable chance of being adopted within 
the undergraduate apparel design convenience sample. Attributes that were addressed within the 
questions include relative advantage, compatibility, complexity, trialability, and observability. 
Rogers (2003) states “innovations that are perceived by individuals as having greater relative 
advantage, compatibility, trialability, and observability and less complexity will be adopted more 
rapidly than other innovations” (pp. 16-17). The participant’s identities remained anonymous and 
were not linked to their personal responses.  
Technology and the Apparel Design Creative Process as it Relates to Rogers’ Perceived 
Attributes of Innovation 
 
 Relative Advantage and Trialability were the primary attributes of innovation that the 
researcher focused on to determine user acceptance for laser cutting and etching in apparel 
academia and the apparel industry. The remaining attributes of innovation that Rogers’ defines 
will be discussed in Chapter 6 and can be seen in Appendix H.  
 Relative advantage. Rogers (2003) defines relative advantage as “the degree to which an 
innovation is perceived as being better than the idea it supersedes” (p.229). Participants were 
asked to consider the difference between manual and mechanical cutting compared to laser 
cutting. They were asked to think about the necessary material testing of textiles compared to the 
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ability to use the laser cutting and textiles user manual as a reference for determining their 
desired parameters.  
 Trialability. “Trialability is the degree to which an innovation may be experimented with 
on a limited basis in order for the individual to give meaning to an innovation and find out how it 
works under one’s own conditions” (Rogers, 2003, p. 258).  The trialability test was a key 
component for testing this attribute. The participant had the ability to look through the user 
manual in order to determine the benefits or downfalls it could bring to them as a designer. The 
participants were asked if the ability to use the manual was straightforward and whether or not it 
would enhance their creative design process.  
 Technology and the creative process. At the end of the survey, participants were asked 
questions related to new technology, such as a laser cutter, within the apparel industry and if 
their creative design process would change depending on the technology implemented. 
Technology has changed the standard procedures of the apparel design process and knowing how 
to provide tools, such as the laser cutting and etching textiles user manual, will help in the 
diffusion of new technology, such as laser machines.  
Data Analysis 
 The data from all three surveys (pre-test, trialability test and post-test) were first analyzed 
using descriptive statistics. Qualitative data was coded by the researcher and an audit coder and 
responses were grouped to create common themes among the responses. 
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Experimental Creative Design 
Objective 
 As a creative component, the seventh objective of this research was to design an 
experimental ensemble that explored the textile and surface design possibilities and capabilities 
that CO2 laser cutters provide to the apparel industry. Figure 3.2 is a graphical representation of 
the non-linear creative design process proposed by the researcher. The diagram is color coded in 
order to represent the various skills used at each stage of design. Math skills, science 
background, and fashion/ design abilities were used throughout the researchers entire design 
process.  
 
Figure 3.2 Researcher’s proposed design process  
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Design Purpose and Inspiration  
 For the experimental ensemble, layering contrasting textiles and shapes to create 
dimension and volume was the primary design purpose. Inspiration for the garment was built 
upon the trial and error of developing accurate parameters for textiles within the user manual. 
During the laser etching testing process, the power and speed is manipulated several times to 
determine the desired burnout or etched aesthetic the designer was aiming to achieve. As the 
researcher experimented with different parameters of laser etching, the inspiration was developed 
to add etching to velvet to create varying heights in the fabric. Figure 3.3 represents a visual 
inspiration or mood board the researcher developed. The dark colors, shadows and highlights, as 
well as the roses scaling the grid features of stained glass window are directly translated into the 
experimental garments.  
 
Figure 3.3 Image of the researcher’s mood board and inspiration for the experimental ensemble.  
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Materials 
  A medium weight 100% polyester, velvet was used in this experimental design because 
the pile of the velvet allows the researcher to etch the pile to different heights. The process of 
etching velvet is also more sustainable process than the alternative and traditional method of 
chemical burnout of velvet. Being able to etch the pile from velvet will allow the 
researcher/designer to incorporate an interesting and intricate surface design. Because the velvet 
had a soft hand and an elegant drape, the researcher had to back the velvet with a medium-weight 
polyester/cotton blend. The polyester/cotton blend would add the structure in the skirt and 
emphasis in the flare the original design called for. Contrasting fabrics that were used include 
100% silk organza, 100% polyester netting, and a medium-weight polyester/cotton blend. These 
various materials demonstrated the surface design capabilities of laser cutters. 
Initial Design Development and Testing for the Experimental Garment 
 As can be seen in Figure 3.2 the first three elements of the design process have been 
combined because there was constant jumping between sketching, textile design in the vector 
graphics software, and material testing. This was a non-linear process and how the researcher 
started developing ideations for a possible experimental design. 
 Sketching. Sketching on paper as well as digital sketching in Adobe Illustrator took place 
during this stage of the creative design process. Initial ideas for textile designs were generated on 
paper and then transferred to Adobe Illustrator where they were expanded. Once the overarching 
idea of layering elements including lines, shapes and textiles was developed, sketching of 
possible garment designs had started. The researcher decided that the overlaying of laser cut and 
etched elements within a textile design on a luxurious velvet would fit make aesthetically 
pleasing couture inspired evening gowns.  
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 Vector Graphics Software. The textile ideations were developed by experimenting in 
Adobe Illustrator with lines, shapes, stroke weight, and gray scale images as well as layering the 
aforementioned elements. Gray scale images were experimented with because the natural 
gradation black to gray in a grayscale image will etch much differently than pure RGB black. 
The gray color will still be evaluated in Job Control as an etched pixel, but the power of etching 
will be much less than what pure black would be. The farther the gray hue is from black, and the 
closer it gets to white, the less power the laser will apply to the textile. By testing etching on 
grayscale images, it allows the researcher to etch the velvet pile at different heights without 
manipulating many different elements of the design. The feature of etching a grayscale image is 
a natural parametric fluctuation of power. Before moving forward with material testing, at least 
thirty design possibilities were created.  
 Material Testing. The development of the laser cutting and etching user manual gave the 
researcher extended knowledge on how many various fabrications would react to laser etching 
and cutting. Although the extended material testing was performed for the user manual, the 
researcher still performed testing on several potential fabrications used for the experimental 
design. 100% polyester velvet was one of the primary fabrications used in the experimental 
designs. Multiple textile design tests were performed on the chosen velvet fabrication in order to 
determine what kind of effect the researcher wanted to include in the experimental designs. After 
multiple laser cutting and etching tests had been performed, the researcher would adjust the 
vector files in Adobe Illustrator in order to achieve the desired end aesthetic. Images of 
fabrications that were tested can be found in Appendix G.  
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Patternmaking 
 The researcher used draping as the chosen patternmaking method. A size 8 collapsible 
shoulder dress form was used. A 100% polyester crepe satin was used to drape the pattern pieces 
for the experimental garment design because the fabrication has adequate dress making qualities 
and the woven structure allowed the designer to accurately manipulate the grainlines according 
to the pattern piece. Not only was there experimentation with line in the textile design, but the 
researcher chose to incorporate visually interesting seamlines within the patternmaking as well. 
Figure 3.4 is an image of the researcher’s initial draping process.  
 
Figure 3.4 Image of the researcher’s draping process. 
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Digital Pattern Pieces 
 After the draping process, the researcher digitized each pattern piece into Optitex PDS. 
Optitex is a digital pattern making software, and once the pattern pieces are digitized they can be 
corrected and trued. In Optitex, the seamlines were walked and notched to ensure the unique 
seamlines would match up correctly. Once the pattern pieces were trued, the researcher had to 
determine how the pattern pieces would be cut in the laser cutter. For instance, center front is 
technically cut-on-fold, but since the whole piece will be etched and cut in the laser cutter, the 
researcher had to make those adjustments in Optitex before importing the pattern pieces to 
Illustrator.  
 
Figure 3.5 Image of the finished digital patterns in Optitex. 
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The center front bodice and center front skirt pieces were all mirrored in order to export the full 
piece. Half-inch seam allowances were added to all of the seams except center back. The 
researcher added a one-inch seam allowance to center back for inserting the zipper. 
After adding seam allowances the researcher exported all of the pattern pieces from Optitex as an 
Adobe Illustrator file. Figure 3.5 is an image of the finished pattern pieces in Optitex before they 
were exported as Adobe Illustrator files.  
Engineered Textile Design 
 When the patter pieces were exported from Optitex to Adobe Illustrator they were saved 
and recognized as a vector file. In Illustrator the researcher was able to virtually place her textile 
designs, directly in her pattern pieces. The final textile design came from the purposeful 
inspiration of laying contrasting shapes. In the textile design, the researcher incorporated a 
gradation in size of an edgy rose pattern over top of a geometric grid pattern resembling birdcage 
netting. Figure 3.6 are the two separate images that were combined during the engineering stage. 
The layering of these two elements appeared as if the roses were scaling the grid pattern. At the 
hem of the gown, the roses were much large in size, and as they scaled up the skirt the size of the 
roses were decreased for visual interest. When placing the birdcage design on the pattern pieces 
the researcher had to make sure that when the seamlines were sewn together, the birdcage design 
was going the same direction and placed at the same angle for cohesion.              
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Figure 3.6 Adobe Illustrator graphic illustrating the two elements that were combined during the 
engineering process. (A) represents the birdcage design while (B) represents the roses 
that were placed over the birdcage. 
 
As mentioned in Chapter 2, black lines and shapes are represented as etching operations and red 
lines represent cutting lines. The roses scaling the birdcage design would be mostly etched with 
small cutouts within the roses throughout the whole garment. There were three panels located at 
side middle and center back that would be only cut with no etching to incorporate a difference in 
laser cutting capabilities. Figure 3.7 is an image of the finished pattern pieces form Illustrator.  
A B 
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Figure 3.7 Adobe Illustrator graphic showing the final engineered textile design. 
 
 
Preparing Pattern Pieces and Laser Cutting and Etching Files 
 Rather than placing yardage of fabric in the laser cutter, the researcher decided to 
manually cut out each pattern piece with scissors before laser cutting. Because the Trotec Speedy 
400 is a mid-size laser cutter, the yardage of fabric could not be cut all at once in the form of a 
marker. Although the laser cutter could have automatically finished the edges of the pattern 
pieces, it was necessary for the researcher to manually cut out each pattern piece in order to 
guarantee maximum yield with the velvet yardage. 
  The researcher had finished placing the textile design over the virtual pattern pieces, but 
the larger pattern pieces required some additional segmenting in order to fit in the cutting area of 
the Trotec laser cutter. 
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Figure 3.8 Image of how the center front skirt pattern piece was segmented in Adobe Illustrator 
in order to fit the cutting plate of the Trotec Speedy 400 laser cutter.  
 
The researcher had to develop a method of splitting the skirt pieces into several segments 
because the cutting plate of the Trotec Speedy 400 Laser cutter is only 39” wide by 24” in 
length. The center front and center back skirt pieces were each horizontally split into 3 segments 
using guidelines in Illustrator to ensure a highly accurate cutting line. The side front and side 
back skirt pieces were each cut in 2 segments. Figure 3.8 is an image of how the researcher 
separated the center front skirt piece into 3 segments. The black rectangles around each segment 
are a (to scale) representation of the size of the Trotec laser cutting plate.  
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Laser Cutting 
 After the larger pattern pieces had been segmented, the velvet was ready to be cut and 
etched. The Adobe Illustrator files were printed into Job Control and placed on the virtual cutting 
plate. The cross hair cursor on job control is a real-time representation of where the laser beam 
will cut or etch on the cutting plate. As the researcher moved the head of the laser, the cross-hair 
curser moved in Job Control. This real-time movement allowed the researcher to accurately 
match up the edges or seamlines of the actual velvet pattern piece to the virtual pattern piece on 
Job Control.  Each pattern piece was cut and etched individually rather than placing several 
pieces on the cutting plate at once.  
 When the researcher started to place the skirt pieces that had been segmented into the laser 
cutter, the initial process of lining up the seam lines and edges of the pattern were the same. 
When the first segment of the skirt finished cutting, the velvet pattern piece was shifted up on the 
cutting plate in order to start cutting the second segment. The researcher had to use the cross-hair 
cursor to align the finished textile design from the first segment to the virtual textile design of the 
second segment to make sure there was no interruption in the textile design. Figure 3.9 is an 
image of the researcher aligning the crosshair to the virtual design within Job Control. 
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Figure 3.9 Image of the researcher’s process of matching the segmented pattern pieces in Job 
Control.  
 
 
Garment Construction 
 
 The researcher used an industrial Juki sewing machine to construct the garment. The 
bodice pattern pieces were all interfaced with a 100% silk organza for stability. With the velvet 
having pliable or flimsy qualities the researcher wanted to ensure that the bodice pattern pieces 
would shift as little as possible while still maintaining the original textile design with visible, 
internal cut-out shapes. The skirt pieces were interfaced with a 70% polyester/30% cotton Blend 
because the researcher wanted the flare in the skirt to appear more structured and pronounced. 
The godets were made of 100% silk organza and 100% polyester netting because the researcher 
liked the aesthetic appearance of contrasting fabrics within the skirt of the gown. Boning was 
added for structural support on the front princess seams, side seams, and back princess seams. 
The garment is lined with a 100% silk organza because the researcher wanted the cut-out shapes 
throughout the garment to be visible after the garment was finished.   
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CHAPTER 4. RESULTS 
 
 
 
 In this chapter the researcher addresses the approach to the research and the findings from 
material testing to determine the optimal guideline parameters for laser cutting and etching. The 
researcher’s findings relating to the proportional relationship between power and speed are 
addressed along with how the conclusion was determined. Research questions 1-4 are addressed 
in this chapter along with survey results, both quantitative and qualitative, from the pre-test, 
trialability test, and post-test. 
Optimal Guideline Parameters for Laser Cutting and Etching Various Textiles 
 
To determine the optimal parameters for cutting and etching, each textile was tested 
multiple times with both laser cut and etched shapes. There were not a specific number of tests 
performed for each textile. The tests were continued until the determination of the optimal 
guideline parameters had come to fruition. Figure 4.1 is an image of the Adobe Illustrator file 
used to find the optimal guideline parameters for both laser cutting and etching.  The red lines 
are for cutting, while the solid black areas etched. 
 
 
 
 
 
 
 
 
Figure 4.1 Image of the initial testing file used to determine the parameters of etching and 
cutting the fabric 
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The Adobe Illustrator file had to be very small in order to test multiple times on the 1.5”x2” 
swatch. The power and speed were adjusted until all characteristics mentioned in Chapter 3 were 
met. Figure 4.2 is an example of Apparel Fabric, 100% viscose/rayon, one of the 127 textiles 
tested to determine the optimal parameters. In the image you can see that the parameters had 
been adjusted for each test. The etched shapes are much darker and even damaged with some 
cut-through holes on the right side of the image. The cutting parameters were adjusted until there 
was no longer a burnt edge. This helped the researcher determine what percentage of power and 
speed was too high or too low, when seeking an optimal etch.  
 
 
Figure 4.2 Testing process of “Apparel Fabric” 100% viscose rayon. 
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Vector Graphic Design  
The graphic used to test each textile sample was developed in Adobe Illustrator CS6 by 
the researcher. The researcher had to make sure that multiple elements were being tested both 
etching and cutting. Figure 4.3 is an image of the etching file used for each sample. 
 
 
Figure 4.3 Adobe Illustrator file used to etch each textile sample for the manual. 
 
The shapes within the etching file were drawn to test multiple etching capabilities. The long 
rectangular box at the top of Figure 4.3 helped demonstrate what large fill shapes would look 
like etched. The researcher noticed that this area was the first to show damage if the parameters 
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were too high for the textile. The filled shapes or the larger area that was being etched was 
exposed to the laser power for a larger surface area making, whereas thin lines were less 
susceptible to damage if the parameters were too high. The intricate graphic below the filled 
rectangle and circles tested the ability to etch thin lines with high detail. Some textiles responded 
very well to the intricate graphic, while on other textiles, the graphic was hardly noticeable. 
Trotec’s Job Control reads etching files as a raster image. When the laser cutter starts it will read 
the file from top to bottom. The arm of the laser will move back and forth, (right to left) and pick 
out each pixel that reads as Black (0, 0, 0) and etch that pixel with the set parameters. Job 
Control reads cutting files much differently. Job Control will read cutting files beginning with 
the first vector created when the file was created. For etching files, Job Control will always read 
files from top to bottom, but with cutting files the laser could jump all over the design depending 
on the sequential order that the shapes were created in the vector design program. Angular and 
rounded shapes were necessary to test, because the movement of the laser cutting arm is different 
for straight lines and hard angles as compared to circular shapes or rounded curves. Since the 
arm of the laser cutter moves on a X- and Y-axis over the cutting area, the laser cutter can 
perform straight lines much faster than it can curved lines. Including shapes with straight lines 
and hard angles as well as rounded corners and circular shapes ensured demonstration of 
multiple movement capabilities of the laser cutter to guarantee the cutting guideline parameters 
are considered accurate across many different designs. Cutting lines are represented with RGB 
Red (255, 0, 0) with a stroke weight of 0.003pt. Figure 4.4 is an image of the cutting file used for 
the textile samples in the user manual.  
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Figure 4.4 Image of the cutting file used for all of the textile samples in the user manual. 
 
Key Factors for Choosing Optimal Cutting and Etching Parameters 
During this initial testing process the researcher discovered a general rule of thumb or 
relationships between the variables of power and speed when determining the optimal guideline 
parameters for etching:  
1) If the power was too high and the speed was too low, the fabric would have cut 
through holes in the etching.  
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2) If the power and speed percentages were both too low there would be no visible 
etching effect.  
3) If the speed was too high and the power was too low, there again would be no 
apparent etching effect. 
Figure 4.5 is a graphical representation of where, on the percentage scale, the optimal guideline 
etching parameters should fall. The graphic visually demonstrates what happens when the power 
and speed are too low or too high.  
Figure 4.5 Graph illustrating a general relationship of power and speed during the etching 
process. 
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The relationship between power and speed during the cutting process is a little different. In order 
to cut through a fabrication the power must be set to a fairly high percentage, but the researcher 
determined that there was a very fine line between cutting the textile where it appears to be an 
optimal setting and burning the textile. The researcher following general rules or relationships 
between the variables of power and speed when cutting textiles for this experiment: 
1) Power will almost always be above 50%. 
2) If the power was too high and the speed was too low, the kerf3 width would be too 
wide and the textile would have residual burning along the cut lines. 
3) If the power and speed percentages were both too low there would be no visible 
cutting. 
4) If the speed was too high and the power was too low, there again would be no visible 
etching effect. 
5) If the power and speed were both too high there would be some visible cutting, but it 
would be non-through cutting. 
Figure 4.6 is a graphical representation of where, on the percentage scale, the optimal guideline 
parameters should fall.  
                                                3	Kerf	width	is	defined	to	be	the	measurement	or	value	of	material	evaporated	or	lost	during	the	cutting	process	(Zou	&	Mahdavian,	2004).	
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Figure 4.6 Graph illustrating a general relationship of power and speed during the cutting 
process. 
 
Overall Textile Testing Findings 
 There were some broad overall findings that the researcher discovered when testing the 
textile samples in the following areas: (a) fabrication weight, (b) surface design, and (c) novelty 
fabrications. 
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Fabrication Weight 
The researcher discovered that the lightweight and flimsy fabrics, such as “China Silk,” 
“Apparel Lining,” “Drapery Casement,” and “Surah” were more difficult to etch because they 
were not sturdy enough to maintain the original position on the laser bed while the job was 
running. Because the laser is moving at a very high speed, slight air movement is created, which 
is enough to shift the lightweight fabrics from their original position.  
 
Figure 4.7 Image of 100% polyester Drapery Casement etched using a wood stabilizer. 
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In order to accurately laser etch and cut these lightweight fabrics, a small piece of 
plywood was placed under the textile and the swatch was lightly taped on the corners. Because 
the swatch was so small, a small piece of wood was ideal for stabilizing the fabric for laser 
etching and cutting.  For yardage of lightweight fabric, the researcher suggests any stabilizing 
material or textile, such as poster board, cardboard, or interfacing, that will prevent the fabric 
from moving or shifting. Figure 4.7 is an image of drapery casement etched on the wood for 
stabilization. 
Surface Design and Color 
The swatches provided from Textile Fabric Consultants, Inc. had various surface patterns 
and designs within the weave structures. Although the textile may have etched nicely, the 
researcher often could not fully determine the extent of the etching, because the surface design or 
the weave structure masked the etching effect. The textiles with darker textured yarns often 
masked the etching effect. For instance, 70% wool/ 30% polyester Suiting Fabric (#14) consisted 
of very darn yarns. The etching effect is noticeable by touch; however, it was not visible to the 
eye because of the textile’s color as you can see in Figure 4.8B. The researcher believes that if 
the same fabrication were tested again with a similar textile that has lighter colored yarns, the 
outcome would be much more favorable, thus a visually noticeable etched effect. Figure 4.8 
demonstrates the minimal apparent visual change after etching.  
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Figure 4.8 Images of 70% wool/ 30% polyester Suiting Fabric. (A) is the textile before etching 
and (B) is the textile after etching. 
 
  
Novelty Fabrications 
When laser cutting textiles such as “Faux Fur” and “Fiberfill,” the researcher discovered 
that on both occasions the textile required two passes or runts of the design in Job Control to 
completely cut through all of the loose fibers. Simply increasing the power will not accomplish 
cutting through all of the loose fibers; rather, the laser will leave residual burning along the cut 
line of the fabrication if the power is merely increased. When students, professors, and 
entrepreneurs are working with fabrications that have loose fibers the researcher recommends 
two passes along the cut lines. 
 
 
 
(A) Before Etching (B) After Etching 
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Proportional Relationship Between Power and Speed  
Although the textile testing portion of the study was complete, when the researcher 
moved on to laser etching the first experimental design, and an interesting finding relating back 
to the textile testing and the optimal guideline parameters were discovered about the possible 
proportional relationship between power and speed. The optimal guideline parameters for laser 
etching 100% polyester velvet was determined to be 25% power and 15% speed. For etching, the 
frequency values were controlled at 1,000 PPI. Figure 4.9 is a graphical representation of the 
researcher’s proposed proportional relationship between power and speed when it comes to laser 
cutting etching textiles. 
Figure 4.9 Proposed proportional relationship of adjusting power and speed. 
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With a small textile swatch, increasing the percentages of power and speed would not have much 
effect on the time it takes to complete the job because the etching file was so small. When 
designers are etching large pieces or yardage at a time the percentages of power and speed can be 
increased to reduce the amount of overall time it takes for the job to finish. For the researcher’s 
experimental design, the center front bottom segment (approximately 30” x 16”) of the skirt was 
estimated to take approximately 2 hours and 45 minutes to etch. By increasing the power to 65% 
and the speed to 55%, the overall time was reduced to 56 minutes and the same etching effect 
was accomplished.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10 Example of velvet etched at different parameters. The image (A) is etched with a 
25% power and 15% speed, while image (B) is etched with a 65% power and 55% 
speed. 
 
 
 
B A 
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Figure 4.10 is an example of laser etching velvet at different parameters. There is no visible 
difference to the eye between figure 4.10A and 4.10B. Although the overall time of etching was 
decreased significantly for a large garment pattern piece, when 65% power and 55% speed were 
applied to the 2” x 3” swatch in figure 4.10B, the time was minimally changed from 3 minutes 
and 55 seconds to 3 minutes and 39 seconds. The significance in overall time of etching 
depended heavily on the size of the design.  Figure 4.11 is an image displaying the same pattern 
piece and the efficiency effects of etching at different parameters. 
Figure 4.11 Representation of the center front skirt pattern piece on the laser cutting plate. 
Below the images are the power and speed values for the same pattern piece and 
how adjusting the power and speed manipulates the overall time of laser cutting and 
etching the same job. 
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Knowledge and Perception of Students about the Capabilities of a Laser Cutter 
 Participants who took the survey were asked to complete all three parts. The first part of 
the survey provided the researcher with what knowledge the sample had on the basic 
understanding of laser cutting and etching. All of the questions from the pre-test are in Appendix 
A. After each participant completed the pre-test, they were asked to move on to Part II, which 
was the trialability test. In this part of the test, participants were asked to use the digital laser 
cutting and etching user manual, which the researcher created, in order to answer the questions. 
Part II consisted of multiple choice questions, as seen in Appendix B.  How the participants 
answered the questions in this portion of the instrument provided the researcher a general 
understanding of usability and difficulty of navigation of the user manual. Part III of the 
instrument was the post-test, which was comprised of open-ended questions regarding the 
participant’s opinion of potential creative possibilities a laser cutter can provide as well as 
suggestions for improving the user manual. The complete list of questions for the post-test is 
located in Appendix C.  
Demographics of the Sample 
The sample consisted of 26 Apparel Merchandising and Design, undergraduate students 
who completed all three parts of the instrument, see Table 4.1. The age of the participants ranged 
from 19-26 and the mean age was 21.2. The students ranged from the 2nd year to 4th year in the 
Apparel, Merchandising, and Design program, with an overall mean of 3.52 years. According to 
the curriculum of the program where the survey was distributed, this meant that most of the 
participants had taken all of the introductory courses, as well as had exposure to flat 
patternmaking, draping patternmaking methods, and developing computerized textile designs. 
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The gender of the participants in the survey was weighted heavily towards female, as 23 females 
participated in the survey, while only 3 males participated. The curriculum where the survey was 
distributed requires students in the apparel design program to take a selective design 
advancement exam in order to continue on to 300 level apparel design courses. Students usually 
take this test in their second year. In the researcher’s sample 88.5% of the participants had passed 
the selective design advancement exam and had been accepted into the apparel design program at 
the university where the instruments were distributed.  
 
Table 4.1 Demographics 
Variable Range Mean 
Age  19 – 26 21.20 
Year in Program 2 - 4 3.52 
   
Variable N % 
Female 23 88.50 
Male 3 11.50 
Accepted into 
Program 
23 88.50 
 
 
Results from Quantitative Data 
 The quantitative data gathered for this survey was used to determine the participants 
general knowledge of laser cutting, the navigation of the user manual, and to determine whether 
or not the participants thought the user manual would be useful to students in future design 
projects. In the pre-test the researcher asked questions relating to the general understanding of 
the CO2 laser cutting and etching process, the capabilities of laser cutting and etching with 
textiles, and laser cutting as it relates to the apparel industry. When asked the capabilities of a 
laser machine, 100% of the participants answered correctly with responding that it can cut 
materials, and 96% of the participants answered correctly recognizing that it can also etch 
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materials. 100% of the students from the sample recognized that laser cutting techniques are used 
in the industry, and also that a laser machine could change the surface design of a garment. The 
researcher established early on in analyzing the quantitative data that the respondents recognized 
that laser cutting is used in the apparel industry. There were 85% of the students who realized 
that laser cutting was most effective for a non-fraying, finished edge of hemline on synthetic 
fabrications. 15% of respondents did not realize that a natural fabrication, such as cotton, silk, or 
linen, still have the potential to fray. Although 100% respondents answered that laser cutting is 
used in the apparel industry, when asked how many times they have seen laser cut garments in 
retail stores in the past year, the answers implied that laser cut garments are not very prevalent in 
retail locations. 15% of the sample said they had not seen any laser cut garments in retail stores 
in the past year while 38% stated they have seen them 1-5 times, 19% have seen them 5-10 
times, and 27% have seen laser cut garments in retail stores more than 10 times in the past year. 
Table 4.2 includes a complete list of questions, the possible choices of answers, as well as 
correct answer, and the percentage of students who answered each question. Overall the 
researcher determined that the sample had strong background knowledge of laser cutting and 
etching in the apparel industry. 
Table 4.2 Participant Responses for the Pre-test  
Question Answers % n 
With a laser machine, you can .. 
(Check all that apply) 
• Cut Materials* 
• Embroider Fabrics and Appliques 
• Sew on Buttons 
• Etch Textiles* 
100.00% 
23.00% 
0.00% 
96.00% 
 
26 
6 
0 
25 
Laser cutting is a ... • Sewing technique 
• Process used to thermally remove and cut 
material* 
• Process used to 3D print objects 
• Patternmaking method 
0.00% 
96.00% 
 
4.00% 
0.00% 
 
0 
25 
 
1 
0 
Laser cutting and etching can • True* 100.00% 26 
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change the surface design of a 
garment. 
 
• False 0.00% 0 
Laser cutting and etching 
techniques are not used in the 
apparel industry. 
 
• True 
• False* 
0.00% 
100.00% 
0 
26 
Laser cutting is most effective for 
an non-fraying, finished edge or 
hemline on ... 
 
• Natural Fabrications (Cotton, Silk, Wool) 
• Synthetic Fabrications (Polyester, Nylon, 
Rayon)* 
15.00% 
85.00% 
4 
22 
In the past year, I have seen laser 
cutting and etching techniques on 
garments in clothing stores... 
 
• Not at all 
• 1-5 times 
• 5-10 times 
• More than 10 times 
 
15.00% 
38.00% 
19.00% 
27.00% 
 
4 
10 
5 
7 
Laser cutting is more precise than 
cutting with scissors. 
 
• True* 
• False 
96.00% 
4.00% 
25 
1 
This image is an example of ... • 3D printing 
• Laser engraving or etching* 
• Laser cutting 
• Hand Embroidery 
• Screen Printing 
0.00% 
92.00% 
4.00% 
0.00% 
4.00% 
 
0 
24 
1 
0 
1 
This image is an example of ... • 3D Printing 
• Laser engraving or etching 
• Laser Cutting* 
• Hand embroidery 
4.00% 
4.00% 
92.00% 
0.00% 
 
1 
1 
24 
0 
This image is an example of ... • 3D Printing 
• Computerized embroidery 
• Laser Etching 
• Laser Cutting* 
15.00% 
0.00% 
4.00% 
81.00% 
 
4 
0 
1 
21 
What is the force used to cut and 
etch materials in a CO2 laser 
machine? 
• Plasma 
• Blades 
• Heat* 
• Water 
8.00% 
0.00% 
88.00% 
4.00% 
 
2 
0 
23 
1 
Accuracy in cutting with a laser 
cutter is ... 
• Decreased 
• Same as hand cutting 
• Increased* 
• Not affected 
4.00% 
0.00% 
96.00% 
0.00% 
 
1 
0 
25 
0 
Laser cutting techniques are • Haute Couture 23.00% 6 
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created and sold at what price 
points in the apparel industry? 
• Ready to wear 
• Budget/Bridge 
• Fast Fashion 
• All of the above* 
4.00% 
0.00% 
4.00% 
69.00% 
 
1 
0 
1 
18 
*= correct answer 
  
In Part II of the instrument, participants were asked to glance over the digital user manual 
that the researcher provided and answer trialability based questions about laser cutting and 
etching. These questions related directly to the information in the laser cutting and etching user 
manual. This allowed the researcher to determine how easy the user manual was to navigate in 
order to quickly find necessary desired information. 85% of the participants answered correctly 
when answering that power and speed are the two parameters that were adjusted for each textile 
in the user manual. 3% stated that power and fiber content were the parameters, and 4% stated 
that amps and fabric weight were the varying parameters. The participants were also asked to 
locate the 100% “Silk Organza” textile swatch in the user manual and in order to answer what 
the power and speed parameters were used for cutting the textile. This question helped the 
researcher determine if the formatting and layout of the laser cut and laser etched swatches was 
easily explained. 92% of participants found the designated textile swatch and answered the 
question correctly. From the data the researcher determined that the relationship of power and 
speed needed to be explained more in detail. The last questions in the trialability test related to 
what the outcome would be if power and speed were increased or decreased. Only 62% of the 
participants knew what would happen to the cut line on the fabric if power was increased and 
speed was decreased. Table 4.3 is a complete list of questions and the response data correlating 
to the questions. 
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Table 4.3 Participant Responses for the Trialability Test  
Question Answers % n 
What are the two parameters that 
were adjusted for each textile 
that was tested? 
• Lens & Fabric Weight 
• Power & Speed* 
• Speed & Volts 
• Amps & Fabric Weight 
• Power & Fiber Content 
0.00% 
85.00% 
0.00% 
4.00% 
12.00% 
 
0 
22 
0 
1 
3 
What are the power (p), speed 
(v), and frequency (hz) 
parameters suggested for laser 
cutting Basic Weave: Organza 
(100% Silk)? 
• p: 65, v: 8, hz: 5000* 
• p: 58,v: 3, hz: 3000 
• p: 70, v:5, hz:1500 
• p:40, v:9, hz: 2500 
92.00% 
4.00% 
 
0.00% 
4.00% 
 
24 
1 
 
0 
1 
Which of the following is a 
vector-based software that could 
be used to create laser cutting or 
etching files? 
 
• Adobe Photoshop 
• Solidworks 
• Adobe Illustrator* 
• Design Shop v10 
4.00% 
0.00% 
92.00% 
4.00% 
1 
0 
24 
1 
What happens along the cut line 
of a textile when the power is 
increased and the speed is 
decreased? 
• The fabric isn’t cut through completely 
• The edges along the cut line are more 
blackened* 
• Both a & b 
8.00% 
62.00% 
31.00% 
2 
16 
8 
If you wanted a more burned 
effect to the edges of your laser 
cut liens, how would you adjust 
the power and speed? 
• Increase both power and speed 
• Increase power and decrease speed* 
• Decrease both power and speed 
• Decrease power and increase speed 
19% 
73% 
4% 
4% 
5 
19 
1 
1 
*= correct answer 
 
 After the trialability test part of the instrument, participants were asked to complete the 
post-test, which incorporated questions relating to the participant’s opinion of the user manual 
usability. 88% of student’s thought that the user manual would definitely be beneficial for 
students to use at a tool in future projects. 8% stated that it would probably be useful, while one 
participant did not think the user manual would be useful at all. The descriptive statistics for this 
question are located in Table 4.4. 
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Table 4.4 Participant Responses for the Post-test  
Question Answers % n 
Do you think the user manual 
will be a helpful tool for 
students’ future projects? 
• Definitely yes 
• Probably yes 
• Might or might not 
• Probably not 
• Definitely not 
88.00% 
8.00% 
0.00% 
0.00% 
4% 
 
23 
2 
0 
0 
1 
*= correct answer 
 
 
 
Applying a Laser Cutting and Etching User Manual for the Diffusion of Laser Cutting 
Technology into Design Classes 
 
 In this experimental research the laser cutting and etching user manual that was 
developed is proposed to be a communication channel of Rogers’ Diffusion of Innovation in 
order to aid in the diffusion of laser cutting across apparel design academia and the apparel 
industry as a whole. Although the user manual was created to aid in the diffusion of laser cutting 
in apparel design, the researcher needed to determine how useful the manual was according to 
undergraduate apparel design students as well as make improvements from the participants 
suggested feedback.  
Response Comparison for Laser Cutting and Etching Capabilities for Creative Design 
In the pre-test participants were asked, how they would use laser cutting or etching in a 
creative design project. They were also asked the same question in the post-test after they had the 
opportunity to look at the researcher’s user manual where there were macro-graphic images of 
each textile swatch laser cut and etched. Table 4.5 is a representation of themes that emerged in 
the response from the sample in the question asked before the trialability test (in the pre-test) and 
after the trialability test (in the post-test). Two main themes of garment design and textile design 
 78 
emerged in responses from both the pre-test question compared to the post-test question. 
Garment design did not have any emergent sub-themes, while textile design was comprised of 
the following sub-themes prior to the trialability test of the instrument: Customization, Creation 
of Dimensionality, Creation of Negative Space, Faux Lace, Edge Finishes/Prevent Raveling, and 
Creation of Dimensionality included micro-themes of Etching and Applique.  
Interestingly, Accessory Design emerged as a theme prior to the trialability test, but not 
afterwards, as did Intricate Designs with Subtle Designs, as a sub-theme of Textile Design. 
Because the themes that emerged changed very little after the participants had the opportunity to 
look over the images of the textile swatches that had been cut or etched lead the researcher to 
believe that the participants had knowledge of laser cutting and etching creative capabilities prior 
to taking the survey. 
Table 4.5 Themes that Emerged from Open Coding 
How would you use laser cutting or etching in a creative design project? 
 
Prior to the Trialability Test 
 
After the Trialability Test 
Garment Design 
 
Accessory Design 
 
Textile Design 
o Customization 
o Creation of Dimensionality 
o Etching  
o Applique  
o Creation of Negative Space 
o Faux Lace 
o Edge Finishes/Prevent Raveling 
o Intricate designs with Subtle designs 
 
Garment Design 
 
Textile Design 
o Customization 
o Creation of Dimensionality 
o Etching  
o Applique  
o Creation of Negative Space 
o Faux Lace 
o Edge Finishes/Prevent Raveling 
 
 
 
NVivo is software program that helps researchers analyze qualitative data by recognizing 
word frequency within the responses of the sample. Using NVivo, the researcher analyzed how 
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the sample responded to the question of how the participants would use laser cutting or etching 
in a creative design project, for both questions in the pre-test and the post-test. NVivo was used 
to determine what were the most common words used across the sample when asked about the 
creative potential of laser cutting and etching. Table 4.6 is a representation of the most frequently 
used words in the sample prior to the trialability test. “Design” was the most frequently used 
word, which was used 28 times in the pre-test throughout the sample. “Design” accounted for 
nearly 10% of the words used in the responses. “Fabric” was the second most frequently used 
word, and “cut”, “use”, and “create” all had similar word counts, coming in third. The top 5 
words used in the sample to answer the creativity question prior to the trialability test accounted 
for over 35% of the total words used.  
Table 4.6 Frequency Count from NVivo – Prior to Trialability Test 
Word Count Weighted 
Percentage (%) 
design 28 9.83 
fabric 17 7.42 
cut 15 6.55 
use 15 6.33 
create 13 5.39 
garments 10 4.37 
add 7 3.06 
look 8 3.06 
etching 6 2.62 
laser 5 2.18 
like 5 2.18 
give 6 2.11 
pattern 9 1.89 
detail 4 1.75 
pieces 4 1.75 
project 7 1.75 
3d 3 1.31 
creative 3 1.31 
interest 3 1.31 
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The Figure 4.12 is an image using the same data from Table 4.6 and representing it in a different 
way to visually explain the most frequent words used. The larger and bolder words were the 
words used more frequently whereas the smaller words were used less frequently.  
 
 
Figure 4.12 Word cloud representation of how frequently words were repeated for the creativity 
question asked prior to the trialability test. 
 
 
 The same question relating to design creativity and laser cutting and etching was asked in 
the post-survey or after the trialability test, where participants had the opportunity look over the 
researcher’s user manual and see the images of the laser cut and etched textile swatches. The 
same NVivo analysis was completed for the post-test responses. The results for the top 5 most 
frequently used words did not change at all. The order of the frequency changed slightly, but the 
top words used in the open-ended creativity question were still “design,” “fabric,” “cut,” 
“create,” and “use.” “Design” was still the most frequently used word with making up for over 
10% of the words used in the sample for the post-test creativity question. Table 4.7 is a list of the 
frequency count exported from NVivo for responses from the creativity question after the 
trialability test. 
3d add create creative cut design 
detail etching fabric garments give interest 
laser like look pattern pieces project surface use 
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Table 4.7 Frequency Count from NVivo – After the Trialability Test 
Word Count Weighted 
Percentage (%) 
design 28 10.77 
fabric 21 10.05 
cut 18 8.61 
create 16 6.46 
use 10 4.78 
garment 7 3.35 
pattern 12 2.87 
pieces 6 2.87 
surface 6 2.87 
etch 5 2.39 
laser 5 2.39 
make 7 1.59 
add 3 1.44 
intricate 3 1.44 
cutout 2 0.96 
detailed 2 0.96 
element 2 0.96 
inside 2 0.96 
interest 2 0.96 
may 2 0.96 
 
Figure 4.13 is an image using the same data from Table 4.7, but below it is represented it as a 
word cloud to visually explain the most frequent words used. The larger and bolder words were 
the words used more frequently whereas the smaller words were used less frequently.  
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Figure 4.13 Word cloud representation of how frequently words were repeated for the creativity 
question asked after the trialability test. 
 
Suggested User Manual Changes to Increase Trialability  
 Trialability is Rogers’ fourth attribute of an innovation and it can be recognized as the 
ease of use in test run of the innovation before a purchase decision is made (Rogers, 2003). The 
researcher needed to determine how easy the user manual was for students to navigate, which led 
to open ended questions allowing the participants to give suggestions for improving the user 
manual, as well as, an opportunity to list anything that seemed unclear. Allowing the students to 
provide these suggestions, the researcher could make edits to the user manual to increase the 
trialability of the user manual in order to aid in the diffusion process of laser cutting and etching 
in the apparel industry. The themes that emerged from the question regarding suggestions for 
improving the user manual include: bold key points, add steps of laser cutting, introduction is too 
wordy, adjusting power and speed is unclear, as well as the suggestion for color coding the table 
of contents for easier navigation. Table 4.8 shows the open ended questions that were asked in 
the post-test survey as well as the themes that emerged in the responses.  
add create cut cutout design 
detailed element etch fabric garment inside interest 
intricate laser make may pattern pieces surface use 
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Table 4.8 Emergent Themes from Open-Ended Questions from Post-test  
Open-Ended Questions Emergent Themes 
Do you have any suggestions for improving 
the user manual? 
 
• Well Organized 
• Bold Key Points 
• Add Steps of Laser Cutting* 
• Introduction is Too Wordy 
• Adjusting Power and Speed is 
Unclear 
• Color Code the Table of Contents 
 
Did you notice anything that seemed unclear 
in the user manual? 
 
No 
Adjusting Power and Speed 
Structure of the Manual  
More Information on Speed Desired 
 
Participants were also asked if they noticed anything in the user manual that seemed unclear. 
This would also give the researcher suggestions on what students wanted to know more about or 
what they wished was explained a little better. The researcher proposed that the user manual 
would be a communication channel that will aid in the diffusion of laser cutting in apparel design 
academia and the apparel industry. The suggestions again guided the researcher in determining 
what improvements needed to made in order to make the process of laser cutting and etching 
textiles as clear as possible. Themes that emerged from the sample when asked if anything in the 
manual was unclear included: No, it was very clear, adjusting the power and speed, structure of 
the manual, and more information on speed was desired.  
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CHAPTER 5. DISCUSSION 
 
 In this chapter the researcher discussed the findings from research questions 1-4, and 
questions 5-6 were answered and discussed. The researcher also addresses the findings 
discovered by creating the experimental ensembles from objective 7. 
Optimal Guidelines and Parameters of Various Textiles 
 Laser cutting and etching has become an integral part of the fashion industry, and for the 
students, professors, and industry experts that make up the industry, it is important to understand 
how a laser interacts with various textiles. It is essential to have a general understanding of math 
and science in order to fully understand the relationship between power and speed.  The graphs 
in figures 4.5 and 4.6 provide pertinent information for consideration when testing a new 
fabrication for the optimal etching and cutting parameters. These graphs are applicable to CO2 
laser cutters of many different maximum powers and speed. The overall idea of these graphs is 
that they explain that there is a specific area that the parameters for cutting and etching will fall. 
By taking the general rules of laser cutting and etching, developed by the researcher, into 
consideration when testing textiles, the user will be able to easily determine the optimal 
guideline parameters for different fabrics. Students, professors, and industry professionals will be 
able to determine the parameters for their textile in accordance with their desired aesthetic very 
easily if the relationship between power and speed is understood. This general parametric 
relationship will not only be helpful to designers, professionals, and technicians in the apparel 
industry, but also to laser machine users across many different disciplines. Jackson et. al. (1995) 
described that one of the primary factors that go into cutting and etching textiles is the ability to 
control the power and velocity because the correct balance of the two values will prevent the 
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laser from damaging the fabric. The idea of having the correct balance between power and 
velocity coincides with the findings in this research, but the factors that can help determine the 
specific balance of power and speed have been minimally documented and explained until now. 
Zheng et. al. (1996) and Bogue (2008) describe that one of the advantages of laser cutting is that 
the process can be easily regulated for high adaptability and quality control, but there has been 
minimal research on how to regulate that adaptability across many different laser machines. The 
researcher proposed the general rules or relationships of the variables, speed and power, to 
remember when determining the optimal guideline parameters of laser cutting and etching, but 
later in the chapter the researcher will discuss how to convert the power and speed percentages of 
one specific laser machine to a different laser machine operating with different maximum power 
and speed values.  
 All of the textiles that were tested could be cut and etched, but there were some textiles 
that had a much more effective outcome. The factors that went into the researcher’s overall 
conclusions of what textiles had a more effective outcome were fabrication weight, surface 
design and color, and novelty fabrications. The lightweight fabrics such as China Silk, Apparel 
Lining and Drapery Casement were much more difficult to etch because of their lightweight and 
flimsy nature. Although if yardage of this fabric was being cut, the ability to maintain its original 
position on the laser bed would most likely be easier, but in this experiment the small swatches 
had a tendency to shift during the cutting and etching process resulting in an undesirable 
outcome. The surface design and color of the textile also contributed to some undesirable etching 
outcomes. The researcher determined that the fabrics with a “busy” surface design had a much 
less effective etching outcome than those with a solid background. A textile with a solid color 
would display the etching effects much of a laser cutter much more effectively. Some textiles 
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that were dark in color did not show a good representation of the etching effect as well. As 
mentioned in Chapter 4, if the suiting fabric in Figure 4.8 was a lighter color, the researcher 
believed that that etching effect would have been much more visible, but because of how the 
fiber blend reacted to the heat of the laser, the etching was hardly visible. This conclusion of 
dark colored textiles having a low effective etching outcome is not always true with every dark 
colored textile. The researcher determined that some textiles that were dark in color had a lighter 
etching effect. For instance,100% Cotton Plisse, was a navy blue color, but the etching lines and 
shapes were beige in color which provided a very apparent etching effect on the textile. As fiber 
content was not analyzed closely in this research, determining the effect of etching on textiles 
with specific fiber contents will be discussed further in Future Research in Chapter 6. In addition 
to the fabrication weight and surface design and color, 
 
Figure 5.1 Image of navy blue, 100% “Cotton Plisse.” 
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novelty fabrications were also considered to have an outlier effect. Fabrications that have loose 
fibers such as Faux Fur and Fiberfill were more difficult to cut and etch because there was not a 
consistent and flat surface for the laser to etch, and the loose fibers prevented the laser from 
cutting the fabric in one pass. The researcher determined that it was necessary for the laser to 
perform the cut lines twice on fabrications with loose fibers. In the novelty fabrications that were 
tested in this research, it was noticed that although it was necessary to perform two passes when 
cutting these fabrications in order to cut all of the attached fibers there was unavoidable residual 
burning along the cut lines. Depending on the designer’s goal aesthetic, this could prevent 
students, professors, and industry professionals from laser cutting this fabrication due to the 
inevitable burning effect. 
The Effect of Power and Speed on Cutting and Etching Textiles  
with Frequency as a Constant 
 
 As the researcher was etching the experimental design fabrications an important finding 
was discovered. The relationship of power is speed, when it comes to etching is proposed to be 
proportional. Understanding that the relationship is proportional will help students, professors, 
and industry professionals understand how the power and speed percentages can be manipulated 
and visually have the same etching outcome. The changes that occur when manipulating the 
proportional values of power and speed are found in time efficiency and or overall time of laser 
etching job. The researcher discovered a significant difference in the overall time it would take to 
complete the experimental design, which was visually represented in Figure 4.11. Understanding 
how the percentages of power and speed relate to each other is essential for time management of 
completing projects and production efficiency in the apparel industry. This finding is important 
for students to understand when developing technical packages, where they are required to 
predict the production cost of a specific garment. A laser cut garment that takes over three hours 
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to etch is going to cost significantly more money to produce than a piece that takes under an 
hour. It is also important for industry professionals and small business owners to understand as 
well. For small business owners, understanding the proportional relationship can help increase 
job efficiency and production turnover allowing the small business to produce more laser etched 
items in a shorter amount of time. For industry professionals, the technician must be able to 
provide their company with the most efficient parameters in order to drive the cost of the product 
down and increase profits.  
 The researcher has emphasized the importance of understanding math to understand 
proportions and percentages as well as having background knowledge in science to take fiber 
content into consideration when cutting or etching. Understanding those two disciplines are 
outside of the apparel design realm were essential to the researcher discovering the effects that 
laser cutters have on different textiles as well as the significant relationship between power and 
speed. Because laser cutting has rapidly proven to be the new technology of the apparel industry 
that has had immense impact in a short period of time, it is essential for apparel design students, 
professors, and industry professionals to have a strong background in science, technology, 
engineering and mathematics (STEM) education and STEAM, the inclusion of art. Because 
technology has played an integral role in the apparel industry it is important to prepare future 
apparel design students and the next generation of designers with the foundation of 
STEM/STEAM education. The researcher would not have been able to determine the findings 
from this research if they had not been exposed to STEM/STEAM education early in the 
undergraduate career.  
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Knowledge and Perceptions of Apparel Design Students about the Creative Possibilities of 
Laser Cutting and Etching 
 
 Sparks and Meador (1996) conclude that apparel programs need to appropriately adjust 
their curriculum to integrate learning of new technologies and CAD programs because industry 
methods and manufacturing have dramatically changed in the past decade. Laser cutting in the 
apparel industry is a primary example of this change. The design processes have evolved from 
manual methods to digital, therefore, students need to be exposed to both methods of design in 
order to be prepared for a career in the industry. The overall feeling of the students sampled 
towards laser cutting was positive and optimistic. The sample was optimistic about creative 
potential a laser cutter brings to apparel design. For instance, when asked what they would use 
laser cutting or etching for in a creative design project, one participant responded, “I would use it 
to enhance my projects by etching on the surface or adding cut out designs.” The idea that a laser 
cutter would enhance or improve a project or a design was a dominant common theme 
recognized throughout the sample. Students in the sample recognized that laser cutting is 
beginning to be an integral technology in the apparel industry, efficient and creatively beneficial. 
With 96% of the sample responding that laser cutting is more precise than cutting with a 
scissors, as well as 96% of the sample stating that accuracy in cutting with a laser cutter is 
increased, implies that the sample believes that laser cutting has a relative advantage over the 
traditional methods of cutting with a scissors. According to Rogers (2003), the first characteristic 
that an innovation must have in order to start the diffusion process is relative advantage.  
The students surveyed in this research were considered to be fairly savvy about laser 
cutting and etching capabilities in academia and the apparel industry. This may be because the 
students surveyed in the sample have had exposure and also have direct access to a Trotec 
Speedy 400 laser cutter; whereas undergraduate apparel design students at other universities 
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might not have the same exposure. At the university where the survey took place, the students 
have access to the technology lab, which includes a digital textile printer, computerized 
embroidery machine, and laser cutter. To gauge how often the students at the university use the 
technology, the digital technology lab had 76 laser cutting order submissions from students in the 
Fall semester of 2015. The access to multiple technologies at this university most likely 
contributes to the overwhelmingly positive perception of laser cutting as part of the apparel 
design from the participants in the sample. Because the students in the sample are required to 
take a computer applications in digital design course, they had been or will be experienced in 
using Adobe Illustrator. Since this program is directly readable by the laser cutter at the 
university, the learning curve for creating laser cutting and etching textile design files is very 
short, which makes it easy for students to adapt their Adobe Illustrator learning to the design 
requirements of Job Control. There is currently no cost for students to use the laser cutter at this 
university, which also lowers the financial risk for students to experiment. The student has the 
ability to make an extremely intricate file whereas if there were a cost for time usage, the student 
would most likely take overall time of etching or etching into consideration and change the 
design to fit their personal financial capabilities.   
Usability of the Proposed Laser Cutting/Etching Manual in Academia  
 
 The user manual that the researcher created is something unique to academia and the 
apparel industry. Because laser cutting technology has been recently introduced to the apparel 
industry there are no manuals or textbooks for students to refer to when they are laser cutting or 
etching textiles. The researcher discovered one book relating to laser cutting and fashion design. 
Laser Cutting for Fashion and Textiles by Laura Berens Baker is a book that guides students in 
creating specific laser cutting textile design files. The book provides Adobe Illustrator 
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instructions for 14 specific projects. It is noted that “students take their files to the machine 
engineer and the technician does the cutting” (pg. 10). The book briefly explains the basic 
settings of a typical laser machine used in the apparel industry, but there is no information in this 
book related to operating the machine or the aesthetic effects that laser cutting and etching has on 
textiles. Although understanding how to develop laser cutting files is very important, it is 
pertinent to understand how a laser machine operates and the effects that a laser cutter has on 
various textiles. The designer has no way of determining the end aesthetic of their design if the 
end result of laser cutting a specific fabric is unknown. As mentioned, the researcher determined 
when testing the various textiles, every fabrication reacts differently to the laser and the designer 
should choose their fabrication according to how they want the etching or etching to appear on 
their finished design. With access to the researcher’s user manual students and educators have 
the ability to easily choose the desired fabrications for their school projects or juried exhibitions. 
Material testing is essentially removed or minimized in the design process and a library of how a 
laser reacts to the textile for various fabrications is at the student’s and educator’s fingertips. 
With more apparel programs incorporating laser cutters into their curriculum, this user manual 
could benefit a wide range of individuals at varying points of their educational career. When 
applying the descriptive statistics recorded from the survey results to Rogers’ Diffusion of 
innovation, 92% of the participants responded that the user manual would be beneficial to 
students in future projects which helps support that researcher’s idea that the laser cutting and 
etching user manual will be beneficial in diffusing laser cutting and etching in apparel design 
academia.   
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Usability of the Proposed Laser Cutting/Etching Manual in Industry 
 This user manual will not only be helpful to students and educators, but also to industry 
professionals. The library of laser cut and etched textiles could help reduce the lead-time it takes 
to choose a fabrication for a laser cut garment. Designers, technical designers, and product 
developers may choose to use this manual in order to choose the desired fabrications for a 
company’s upcoming collection. For professionals in the manufacturing sector this manual will 
allow them to show apparel companies how a fabric they wish to laser cut would react to laser 
cutting and etching. In addition, a technician within a manufacturing company may use it as a 
reference for manipulating the guideline parameters according to the desired end aesthetic. The 
user manual will be useful throughout all levels of the apparel industry as a reference to 
understand how the laser reacts with various textiles. For a small business owner, the user 
manual will ease in the start-up for understanding how the values of power and speed interact 
with each other as well as provide them with a library of laser cut textiles. Material testing in 
minimized on all levels of the apparel industry, which will reduce the overall design time and 
increase efficiency in production.  
The researcher’s user manual will also explain how the parameters provided can be 
adjusted or catered to laser machines of a different wattage. As mentioned in Chapter 4, the 
Trotec Speedy 400 laser machine used in this experiment has a maximum power of 40 Watts and 
a maximum processing speed of 355 cm/second. As an example it can be assumed that a small 
business purchased a Trotec Speedy 100 with a maximum power of 60 Watts and a maximum 
processing speed of 280 cm/second. The company would be able to convert the parameters of 
laser etching 100% Flax, Handkerchief Linen from the user manual to parameters 
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Figure 5.2 Example of how the power and speed parameters listed for each textile in the user 
manual can be converted in order to work on laser machines of different maximum 
power and processing speed values.  
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that are specific to their machine capabilities. Figure 5.2 is a representation of how the 
parameters in the user manual can be converted to different machine power and speed 
capabilities.  
Rogers’ Diffusion of Innovation and its Relationship to Laser Cutting within Apparel 
Design Academia 
 
 After the researcher analyzed all of the data from the survey responses, the researcher 
analyzed how the diffusion of laser cutting within apparel design academia would progress 
within apparel design academia and what channels were necessary for diffusion. Table 5.1 is a 
proposed example of what channels laser cutting would need to go through in order to fully 
diffuse within the apparel design academia community.  
Table 5.1 Rogers’ Diffusion of Innovation Theory of Laser Cutting within Apparel Design 
Academia 
Rogers’ Elements As it Relates to Apparel Design Academia 
Innovation Laser Cutter  
Communication Channels Laser Cutting and Etching User Manual 
Juried Exhibitions 
Fashion Shows 
Social Media 
 
Time Time  
     -Opinion leaders 
     -Well known fashion designers 
     -Apparel design professors 
 
Social System Apparel Design Academia Community 
 
 
Rogers’ elements of diffusion include Innovation, Communication Channels, Time, Opinion 
Leaders, and a Social system in which the innovation is being diffused (Rogers, 2003). The 
researcher related Rogers’ elements to laser cutting within apparel design.  
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Innovation 
The innovation that is diffused is laser cutting. The laser cutter is the invention that is 
new to the textile and apparel industry and according to Rogers’ theory it must pass through the 
following channels in order to be fully diffused. Laser cutting had to be promoted in some way in 
order for the word to get out about the new innovation. Time must also pass, as it would be 
impossible for the innovation to be diffused immediately after it was created. Opinion leaders 
such as high end designers and forward thinking educations will help in the diffusion of laser 
cutting, which will eventually be accepted as a standard of practice in apparel design academia 
and the apparel industry. 
Communication Channels 
The researcher proposed that the laser cutting and etching user manual that was created in 
this experimental research would be an idealistic communication channel for diffusing the 
process of laser cutting and etching in an apparel design educational department. The user 
manual will demonstrate different ways that textiles can be cut or etched in order to facilitate 
creativity for future projects. For example, after the students had the opportunity to look through 
the user manual, they were asked how they would use laser cutting or etching in a creative design 
project. This question gave the researcher some insight to whether or not the user manual 
sparked creativity in participants. There were at least 4 students who mentioned that they would 
like to make their garments look 3-dimensional, or just add more dimension to their fabric. 
Juried exhibitions are considered to be competitions where the artist’s work is judged by an 
individual or a panel according to specific guidelines of the competition or subjective nature of 
the discipline. Juried exhibitions are also a communication channel that would be used for the 
diffusion of laser cutting in apparel design academia. Through juried exhibitions design 
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professionals and students have the ability to share their laser cutting and etching designs to 
expand the knowledge of other design professionals and students on how laser cutting and 
etching can be used in the apparel industry. Fashion shows are another way for laser cutting and 
etching to be diffused in apparel design academia. Seeing the current trends of laser cutting and 
etching details on the runway will bring popularity to the surface design and cutting technique. 
Social media will also be a tool used to help diffuse the innovation. With Facebook and 
Instagram being major avenues of marketing, displaying laser cutting and etching techniques 
through these channels will facilitate the diffusion of a laser cutter in apparel design academia.  
Time 
Time is the element that is consistent with Rogers’ Diffusion of Innovation in regards to 
laser cutting. “Time can be measured as the number of members of the system who adopt the 
innovation in a given time period” (Rogers, 2003, p. 20). In time, opinion leaders can sway 
decisions of the social system (Rogers, 2003).  
Opinion Leaders. Opinion leaders that could be present in the apparel design academia 
social system would be well known fashion designers. The more well-known or high end fashion 
designers are showing laser cutting and etching techniques in their new collections, the more 
likely lower priced brands and department stores will stock garments with these techniques on 
their best-selling racks. Apparel design academia will recognize that the laser cutting technique 
has potential to become a major player in the technology and manufacturing process of apparel 
design. Other opinion leaders that could affect the diffusion of laser cutting and etching in 
apparel design academia are forward thinking apparel design professors. Professors in an apparel 
design educational department have the ability to encourage and challenge students to use the 
technology in the industry. When forward thinking professors plant the creative seed for what 
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laser cutters can bring to the apparel industry and their capabilities for creative design, the idea 
of laser cutting and etching begins to catch on and diffuse through an apparel design program. 
Social System 
 The social system is the final element of Rogers’ Diffusion of Innovation. An innovation 
must be accepted by the members of the social system in order for the innovation to fully 
diffused (Rogers, 2003). The researcher considers the social system to be student and professors 
of apparel design academia. The user manual, fashion shows, and forward thinking apparel 
design professors will help facilitate the diffusion of laser cutting, but ultimately the apparel 
design students and professors will decide whether the innovation is diffused within apparel 
design academia.  
Intersection of Math and Science with Art and Design of Fashion  
through Understanding the Process of Laser Cutting  
 
Material Understanding 
 Understanding the material and the fiber content of the material being laser cut or etched 
was very important to the results of the cutting and etching. Having a textile science background 
in various fiber contents and their thermoplastic characteristics was essential for understanding 
the process of laser cutting and etching textiles. According to Kadolph (2007) acetate is a 
thermoplastic fiber or has a tendency to melt under a hot iron (p. 140). Understanding basic 
textile science knowledge allowed the researcher to adjust the power of the laser cutter to a lower 
percentage when determining the etching parameters for the 100% Acetate Satin, and 100% 
Acetate Moire Print Satin from the researcher’s user manual. Cutting parameters for the Satin 
and Moire Print Satin did not have a significantly lower power. The researcher noticed that the 
Acetate textiles would warp and melt as it was being etched.  
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Cutting parameters were more dependent on the weight and weave of the textile. Another 
example of the importance of understanding fiber content refers to textile sample number 10 in 
the user manual. The fabrication is 100% Glass Draper fabric. Kadolph (2007) notes, “glass is an 
incombustible textile fiber; it does not burn, and it makes it especially suitable for end uses 
where the danger of fire is a problem” (p. 196). Possessing an understanding of the glass 
characteristics, the researcher was able to accurately predict and prove that the optimal guideline 
parameters for cutting and etching this textile would have a high percentage of power paired with 
a slower speed percentage for cutting.  
Understanding Machine Wattage with Proportions and Percentage 
 The researcher had to confirm the maximum wattage or power value and the maximum 
processing speed value of the laser cutter used in this experiment in order to develop an 
understanding for the proportional relationship of power and speed. The specifications for the 
laser cutter used in this research were: a total power of 40 Watts with a maximum processing 
speed of 355 centimeters per second. Recognizing these values were essential to understanding 
the percentages of power and speed for testing each textile sample. In order to completely 
understand the process of laser cutting, math skills and an understanding of percentage and 
proportion was necessary. For instance, textile swatch number one, 100% Flax Crash, in the 
researcher’s user manual is documented to have optimal parameters of 55% power and 40% 
speed. Understanding the Trotec Speedy 400 laser cutter’s power and speed specifications, the 
researcher was able to determine that for etching, 100% Flax Crash requires 22 Watts of power 
and a speed of 142 centimeters/second to etch that textile. Those numbers were determined by 
multiplying the optimal guideline percentages of Crash by the overall power and maximum 
speed of the Trotec Speedy 400. Knowing the precise wattage and processing speed it takes to 
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etch this textile will allow users to manipulate the power and speed percentages of a machine 
with a different overall power and maximum processing speed.  Math skills are required in order 
to fully understand the power and speed proportion and percentage of a particular laser cutting 
machine as well as adjusting those percentages across multiple laser cutting machines of 
different specifications.  
Draping and Digital Pattern Adjustments 
 The researcher draped the pattern pieces for the experimental garments by hand on a size 
8 dress form before the pattern pieces were individually digitized into Optitex. During the initial 
draping process the researcher has to make sure the toile fabric was on the appropriate grainline 
in order to ensure the finished garment would have accurate balance. Having knowledge of the 
90-degree angle between the lengthwise grain and crosswise grain, along with the bias, which 
intersects the lengthwise and crosswise at 45 degrees, is important to fully understand during the 
draping process. Mathematical understanding and expertise in appropriate angles along the 
seamlines of a garment is essential for making a well-fitted garment.  
The researcher created 90-degree angles at the underarm seam and the hem of the skirt 
during the experimental garment draping process. Once the pattern pieces were digitized and 
virtually placed in Optitex, a computerized pattern making software, the researcher began trueing 
or refining the pattern pieces. Truing the pattern pieces ensured that the seamlines of the pattern 
pieces walked accurately and the measurements of the connecting pattern pieces matched.  
In Optitex the researcher was able to determine how much yardage of fabric would be 
necessary to construct the experimental garments. A pattern marker was developed and the 
pattern pieces were placed along the marker. Efficiently placing the grainlines of the virtual 
 100 
pattern pieces parallel to the vertical guidelines in Optitex, acting as the fabric selvage, would 
allow the researcher to calculate the amount of fabric necessary to construction.  
Segmenting Pattern Pieces to Fit the Laser Cutting Plate 
 The Trotec Speedy 400 laser cutter has a cutting area of 39” x 24.” The researcher’s skirt 
pattern pieces were much larger than the cutting area of the laser cutter, and in order to 
seamlessly etch and cut the textile design into the pattern pieces the researcher had to segment 
the pattern pieces in Adobe Illustrator after the textile design had been digitally  
 
Figure 5.3 Segmenting the center front skirt pattern pieces in Adobe Illustrator in order to fit the 
cutting plate of the Trotec Speedy 400 laser cutter.  
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placed on the pattern pieces. Realizing that the cutting plate was only 39” x 24” the researcher 
had to measure the pattern pieces that could not be placed in the laser cutter. For instance the 
center front skirt pattern piece is 53.5.”  
The Trotec Speedy 400 laser cutter has drop down panels in the front and the back of the 
machine in case the material that is being cut is longer than the plate. With the vertical length of 
the laser cutting plate at 24,” the researcher knew that the center front skirt pattern piece would 
need to be segmented into 3 pieces. Figure 5.2 is an image of how the pattern piece was 
segmented, and the surrounding rectangles are a to-scale representation of the cutting plate of the 
laser cutter. Mathematical skills as well as Adobe Illustrator expertise were required to split the 
skirt pattern pieces into segments. By segmenting the pattern pieces of the skirt, the researcher 
was not restricted to the smaller cutting area of the Trotec Speedy 400 and was able to laser etch 
and cut a large pattern piece without having to include unnecessary seamlines. 
Researcher’s Individual Creative Development from Creating Experimental Ensemble 
 Throughout the researcher’s design process there were creative advancements, as well as 
scientific and mathematical developments. The creative advancements include learning and 
incorporating a new laser etching techniques to a fabrication the researcher had not yet explored. 
The scientific and mathematical developments include the proposed proportional relationship 
between power and speed, the textile testing and fiber understanding that would have not been 
developed without material testing, and developing a method for segmenting large pattern pieces 
in order to fit on a small laser cutting bed.   
Finished laser cut and etched experimental ensemble. The researcher’s experimental 
ensemble included laser cutting and etching techniques. The gown, as shown in Chapter 3, 
included a floral design that scaled the birdcage grid. The godets in the gown were made of a 
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100% polyester netting that included a floral laser cut velvet applique design. The floral design 
was also cut from the medium weight cotton/polyester blend, which helped merge the two 
contrasting fabrics. A cape was developed from the polyester netting, which also included laser 
cut floral appliques from the polyester velvet and the polyester/cotton blend. Not only were the 
floral shapes used for the appliques on the cape, but the negative space from the floral laser cut 
design was also used to add unique velvet shapes to the cape. This not only added interesting 
shapes, but doing this included an element of sustainability. Figure 5.4A is an image of the back 
of the finished ensemble, and Figure 5.4B is an image of the front of the finished ensemble.  
Figure 5.4 Images of the researcher’s finished ensemble A) is an image of the back of the gown 
(B) is an image of the front of the ensemble. 
 
 
A B 
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Researcher’s scientific and mathematical developments. Before the researcher started the 
experimental design research, the foundation for laser cutting and etching textiles had been 
finished and documented. The researcher gained extensive knowledge of how the laser interacts 
with various textiles when completing the material testing portion of the research. One hundred, 
twenty-seven textiles (n=127) were tested for their optimal guideline parameters of laser cutting 
and etching. This led the researcher to develop informed fabrication choice ideas for the 
experimental design. The understanding of how the laser interacts with various fabrics would not 
have been developed with creating the laser cutting and etching user manual. The inspiration for 
the garment design stemmed from the testing of the velvet fabrication in the user manual. When 
the researcher realized the capabilities of laser etching and cutting velvet, ideas for garment 
creation started to develop. As stated in Chapter 3 the researcher used cutting and etching 
techniques for the experimental design. During the etching process the researcher discovered the 
proposed proportional relationship between power and speed, which dramatically reduced the 
overall time of etching. Developing the etching and cutting garment design led the researcher to 
realizing the proportional relationship, which would have not been realized if an experimental 
design would not have been developed. By incorporating an experimental design into this 
research, further understanding of laser cutting and etching capabilities was able to be 
discovered, which has helped the researcher understand and document the process of laser 
cutting and etching on various textiles.  
Another finding that relates to laser cutting and etching textiles that would have 
otherwise not been recognized without the experimental design process is the segmented of 
larger pattern pieces. Large manufacturing companies have very large laser beds that will 
continuously cut, but in small business and educational settings the laser cutters are much 
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smaller. The researcher had to develop a technique for digitally segmenting the pattern pieces in 
order to create a visually seamless design in the laser cutting and etching. Without this technique, 
the researcher would have had to create unnecessary seamlines throughout the skirt of the gown. 
Now that this process is documented, future students, educators, and industry professionals can 
move forward with large laser cut designs without letting the size of the laser cutting bed restrict 
their design.  
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CHAPTER 6. CONCLUSIONS AND FUTURE RESEARCH 
 
 
 
Review of Purpose 
   
The wide adoption of laser cutting textiles by universities, companies, and small 
businesses to cut and embellish (etching) textiles prove that there is a need for user information 
about settings and parameters to cut or etch a variety of textiles. Developing a user manual with 
this information will prevent endless hours of material testing and documentation to determine 
the ideal parameters needed to cut and etch textiles of varying weights and fiber contents. 
Students, educators, laser technicians, and business owners could use this manual to reference 
the power and speed settings necessary to achieve their desired cutting or etching appearance for 
specific textiles. The researcher’s primary purpose was to reduce this information gap in the 
apparel and textile industry by creating and testing a user manual for cutting and etching textiles 
with a CO2 laser cutter. Methods used to accomplish the overall purpose included extensive 
material testing to determine the optimal guideline parameters of laser cutting and etching 
various textiles, documentation of the parameters for each textile in the format of a user manual, 
application of Rogers’ Diffusion of Innovation to laser cutting and etching within academia and 
the apparel industry, and creating an experimental garment that would display the design 
capabilities of laser cutting and etching textiles.  
Conclusion and Implications 
There has been minimal research relating to the process of laser cutting textiles. Because 
laser cutting was first introduced to disciplines where metal, wood, and hard plastics were being 
cut, the journals cited in this research were primarily related to engineering and math. In the past 
decade laser cutting and etching has quickly introduced itself to the apparel industry. With 
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multiple advantages including more efficient and precise cutting, along with intricate surface 
design and engineered laser cut garments, laser cutting machines have secured a place in the 
design and manufacturing process of the apparel industry. Because the use of this technology has 
rapidly expanded there is a need for more documented research of laser cutting and etching 
textiles. Not only is there a need for students, educators, and industry professionals to understand 
the design capabilities of laser cutting machines, but there also needs to be a foundational 
understanding of the laser cutting and etching process.  
The material testing the researcher performed in this experiment provides future students, 
educators and industry professionals with a user manual that visually explains how 127 various 
textiles respond to the laser cutter. The documented information will make fabrication decisions 
much easier as well as drastically reduce the material testing time for the chosen fabrication. The 
user manual also explains the relationship of power and speed, which has also been minimally 
documented, thus creating a large learning curve when small businesses and apparel programs 
implement laser cutting into their departments. The user manual created by the researcher will 
help reduce the learning curve of understanding the relationship between power and speed as it 
relates to laser cutting textiles.  
In order to reduce the limitations of this experiment, the researcher proposed a formula 
that will allow students, educators, and industry professionals the ability to use the information 
from the user manual and adjust the parametric percentages to that of their machine 
specifications. The formula will aid in the understanding of the watts percentage as well as the 
velocity percentage. The researcher understands there are many different types of CO2 laser 
cutters, and by proposing this formula, the user manual has developed a much broader audience 
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and the parameters for laser cutting each textile can be precisely determined for machines of 
many different maximum powers and processing speeds.  
The researcher used Rogers’ Diffusion of Innovation theory to analyze laser cutting and 
etching in the apparel industry. Rogers’ theoretical model was analyzed in order to determine 
whether laser cutting would be diffused in apparel design academia as well as the apparel 
industry. A sample of 26 undergraduate apparel design students participated in the survey where 
the researcher concluded that laser cutting is assumed by the participants to enhance their design 
projects and increase efficiency and precision. Although the sample is small, this pilot study 
provides baseline information for future research and gauged student knowledge in the program 
about laser cutting. According to the sample, the laser cutting and etching user manual could be 
an integral communication channel for diffusing laser cutting and etching into apparel design 
academia. The researcher used the participant’s comments and suggestions to improve the user 
manual and increase trialability.  
Lastly, the researcher created an experimental garment that incorporated laser cutting and 
etching. Although the material testing of the various textiles had been completed, the researcher 
proposed a significant finding that is related to the impact of overall percentage of area that the 
textile design covers on the job time in etching. Increasing the power and speed when etching a 
small 1.5” x 2” design may only reduce the job time by a few seconds, while the same 
proportional adjustment for a 24” x 39” design may reduce the job time by half. The variable of 
“area” impacts efficiency, hence there is a need for an equation, which allows designers to 
calculate efficiency based on the variables of power, speed, and area when frequency is held 
constant. The researcher confirmed that the surface area of a vector design is an independent 
variable in laser etching and power and speed have a proportional relationship. This finding will 
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help students, educators, and industry professionals determine the most efficient laser cutting and 
etching costing for individual garments in order to predict profit margins. Implementing the 
proportional relationship will also help small business increase turnover. 
The researcher also developed a method for digitally segmenting large pattern pieces in 
order to maintain original cut lines using a relatively small laser cutting bed. This finding 
prevents students and designers from being restricted by the total area of the laser cutting plate. 
Large pattern pieces can be digitally segmented in Adobe Illustrator and carefully placed on the 
laser cutter in order to line up the original textile design without surface design or seamline 
interruption. 
Future Research 
Over the decade laser cutting for aesthetic purposes has been implemented into apparel 
design educational programs, couture design houses, and mass production manufacturing plants. 
Although laser cutting is the newest technology that might be considered the “newest trend,” 
laser cutting and etching design techniques as well as the operating process for laser cutting and 
etching textiles has yet to be fully documented. There is minimal research on the design process 
of laser cutting and etching, as well as, the material testing of textiles. The apparel and textile 
industry is using laser cutting as a technique, but in order to fully prepare future apparel design 
students for the industry, the process of laser cutting and etching needs to be fully understood in 
the classroom in order to understand the machines design capabilities. There is opportunity to 
dramatically reduce waste and increase efficiency in the apparel production process if the laser 
cutting and etching process is used to its fullest potential.  
Although Rogers’ Diffusion of Innovation was applied to this experimental research, only 
a portion of the theoretical model was analyzed. The attributes of innovation that were evaluated 
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in this research include relative advantage and trialability. In order to analyze the remaining 
attributes (Complexity, Compatibility, and Observability) the researcher suggests using a sample 
that is more familiar with the process and capabilities laser cutting and etching textiles in order to 
accurately analyze those attributes to provide the researcher with informed data.  
For this experimental research, the fabrications were not analyzed according to their fiber 
content. Future research could explore the effects that laser cutters have on fabrications 
according to their specific fiber content. Researchers may want to analyze the color change of the 
fabrication after etching and how fiber content plays into those effects. Future textile science 
research needs to further investigate the proposed proportional relationship between power and 
speed to determine if there is a scientific difference in tensile strength of the fabrication after 
etching at the textile at proportional parameters.   
The researcher proposed that there is an equation of balance between the values of power, 
speed, frequency, and overall total area that is used in the laser cutting bed that will provide the 
student, educator, or industry professionals with the most efficient parameters for laser engraving 
their specific job. The researcher developed a foundation for determining the optimal parameters 
for cutting and etching textiles, but when the variables power and speed, are manipulated 
proportionally with the same aesthetic outcome, the questions arises: How does one determine 
what the actual optimum parameters are for etching textiles? The researcher concludes that the 
surface area of the design is the fluctuating variable of the equation that really controls what the 
best parameters are for highest efficiency. For future research, an equation could be developed 
for determining the most optimal parameters for any laser cut or etching job depending on the 
overall surface area of the design.   
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APPENDIX A: PRE-TEST  
 
1. With a laser machine, you can… (Check all that apply) 
 a. Cut materials 
 b. Embroider fabrics and appliques 
 c.  Sew on buttons 
 d. Etch textiles and materials 
 e. None of the above 
 
2. Laser cutting is a… 
  a. Sewing Technique 
b. Process used to thermally remove and cut material 
c. Process used to 3d print objects 
d. Patternmaking method 
 e. None of the above 
 
3. True or False. Laser cutting and etching can change the surface design of a garment. 
 
4. True of False. Laser cutting and etching techniques are not used in the apparel industry? 
 
5. Laser cutting is most effective for an unfraying, finished edge or hemline on… 
 a. Natural Fabrications (Cotton, Silk, Wool) 
 b. Synthetic Fabrications ( Polyester, Nylon, Rayon) 
 
6. In the past year, I have seen laser cutting and etching techniques on garments in clothing 
stores… 
 a. Not at all 
 b. 1-5 times 
 c. 5-10 times 
 d. More than 10 times  
 
7. True or false. Laser cutting is more precise than cutting with scissors. 
 
8.  This image is an example of… 
 a. 3D Printing 
 b. Laser engraving or etching 
 c.  Laser cutting 
 d. Hand Embroidery 
 e. Screen Printing 
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9. This image is an example of… 
 a. 3D Printing 
 b. Laser engraving or etching 
 c.  Laser cutting 
 d. Hand Embroidery 
 e. None of the above 
 
 
 
 
10. This image is an example of … 
 a. 3D Printing 
 b. Computerized Embroidery 
 c. Laser Etching 
 d. Laser Cutting 
 e. None of the above 
 
 
 
 
 
 
 11. What is the force used to cut and etch materials in a CO2 laser machine? 
 a. Plasma 
 b. Blades 
 c. Heat 
 d. Water 
 
12. Accuracy in cutting with a laser cutter is…  
 a. Decreased 
 b. Same as hand cutting 
 c. Increased 
 d. Not Affected 
 e. None of the above 
 
13. How would you use laser cutting or etching in a creative design project? 
 
 
14. Laser cutting techniques are created and sold at what price points in the apparel industry? 
 a. Haute Couture 
 b. Ready to wear 
 c. Budget/Bridge 
 d. Fast Fashion 
 e. All of the above 
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APPENDIX B: TRIALABILITY TEST 
 
This part in the survey will help reveal how useful the laser cutting user manual is in an 
educational environment. Please follow the instructions and answer the questions to the best of 
your ability. 
 
Please take a minute to look through the first several pages in the user manual. They will help 
you flip through the user manual in order to answer the following questions.  
 
1. What are the two parameters that were adjusted for each textile that was tested? 
a. Lens & Fabric Weight 
b. Power & Speed 
c. Speed & Volts 
d. Amps & Fabric Weight 
e. Power & Fiber content 
 
2. What are the power (p), speed (v), and frequency (hz) parameters suggested for laser 
cutting Basic Weave: Organza (100% Silk)? 
a. p:65, v:8, hz: 5000 
b. p:58, v:3, hz: 3000 
c. p:70, v:5, hz:1500 
d. p:40, v:9, hz: 2500 
 
3. Which of the following is a vector based software that could be used to create laser 
cutting or etching files? 
a. Adobe Photoshop 
b. Solidworks 
c. Adobe Illustrator 
d. Design Shop v10 
 
4. What happens along the cut line of a textile when the power is increased and the speed is 
decreased? 
a. The fabric isn’t cut through completely 
b. The edges along the cut line are more blackened 
c. Both a & b 
d. None of the above 
 
5. If you wanted a more burned affect to the edges of your laser cut lines, how would you 
adjust the power and speed? 
a. Increase both power and speed 
b. Increase power and decrease speed 
c. Decrease both power and speed 
d. Decrease power and increase speed 
 
 
 119 
APPENDIX C: POST-TEST  
 
 
1. Do you think the user manual will be a helpful tool for students’ future projects? 
a. Definitely yes 
b. Probably yes 
c. Might or might not 
d. Probably not 
e. Definitely not 
2. How would you use laser cutting or etching in a creative design project? 
 
3. Do you have any suggestions for improving the user manual? 
 
4. Did you notice anything that seemed unclear in the user manual? 
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APPENDIX D: ORGANIZATION AND LIST OF TEXTILES TESTED 
 
Swatch 
Number 
Fabric Name Fabric Description Fiber Content 
1 Linen Natural Staple Fiber 100% Flax 
2 Handkerchief Linen Natural Staple Fiber 100% Flax 
3 Handkerchief Ramie Natural Staple Fiber 100% Ramie 
4 Tussah Silk Drapery 
Fabric 
Natural Staple Fiber(Filling), Natural 
Filament Fiber (Warp) 
100% Silk (Tussah Silk Filling) 
5 China Silk Natural Filament Fiber 100% Silk 
6 Faille Manufactured staple fiber (Filling), 
Manufactured filament fiber (Warp) 
100% Rayon 
7 Supplex Synthetic Filament Microfiber 100% Nylon 
8 Peachskin Synthetic Filament Microfiber 100% Poyester 
9 Lining Fabric Synthetic Filament Fiber 100% Polyester 
10 Drapery Fabric Special Use Filament Fiber 100% Glass 
11 Suiting Fabric Novelty Yarn, Tweed 70% Silk/30% Wool 
12 Drapery Casement Novelty Yarn, Gimp or Ratine 100% Polyester 
13 Drapery Casement Novelty Yarn, Knot or Spot 100% Polyester 
14 Suiting Fabric Novelty Yarn, Boucle or Loop 70% Wool/30% Polyester 
15 Upholstery Pile Novelty Yarn, Chenille 80% Polyester/20% Acrylic 
16 Georgette Lightweight Sheer 100% Polyester 
17 Chiffon Lightweight Sheer 100% Polyester 
18 Voile  Lightweight Sheer 65% Polyester/35% Cotton 
19 Organza Lightweight Sheer 100% Silk 
20 Batiste Lightweight Opaque 65% Polyester/ 35% Cotton 
21 Challis Lightweight Opaque 100% Rayon 
22 Cheesecloth Low-count Sheer 100% Cotton 
23 Gauze  Low-count Sheer 100% Cotton 
24 Gingham  Medium Weight 55% Polyester/ 45% Cotton 
25 Chambray  Medium Weight 100% Tencel ® Lyocell 
26 Butcher Rayon Suiting Weight 50% Polyester/50% Rayon 
27 Broadcloth Medium Weight 65% Polyester/ 35% Cotton 
28 Moire Taffeta Medium Weight 100% Acetate 
29 Shantung Medium Weight 90% Polyester/ 10% Rayon 
30 Poplin  Medium Weight 65% Polyester/ 35% Cotton 
31 Bengaline Suiting Weight 68% Acetate(Warp)/32% Rayon 
(Filling) 
32 Dimity Cord Effect 100% Modacrylic 
33 Oxford Cloth 2x1 Basket Weave 50% Cotton/50% Polyester 
34 Oxford Chambray 2x1 Basket Weave 100% Cotton 
35 Duck 2x1 Basket Weave 100% Cotton 
36 Surah Even-Sided Twill Weave 100% Silk 
37 Serge Even-Sided Twill Weave 100% Polyester 
38 Herringbone Suiting Even-Sided Twill Weave 100% Camel Hair 
39 Houndstooth Suiting Even-Sided Twill Weave 100% Wool 
40 Denim Warp-Faced Twill Weave 98% Cotton/2% XLA™ 
41 Denim Warp-Faced Twill Weave 80% Cotton/20% T-400™ Elasterell-p 
42 Gabardine Warp-Faced Twill Weave 100% Hemp 
43 Cavalry Twill  Warp-Faced Twill Weave 98% Cotton/2% Polyester 
44 Stretch Warp Sateen Warp-Faced Satin Weave 98% Cotton/2% Spandex 
45 Satin Warp-Faced Satin Weave 100% Acetate 
46 Moire Print Satin Warp-Faced Satin Weave 100% Acetate 
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47 Crepeback Satin Warp-Faced Satin Weave 85% Triacetate/15% Polyester 
48 Filling Sateen Filling-Faced Satin Weave 100% Cotton 
49 Antique Satin Filling-Faced Satin Weave 100% Polyester 
50 White on White Dobby Weave 100% Cotton 
51 Waffle Cloth Dobby Weave 65% Polyester/35% Cotton 
52 Dotted Swiss Extra Filling Yarn Weave, Cut 100% Cotton 
53 Stripe Shirting Extra Warp Yarn Weave, Uncut 100% Cotton 
54 Eyelash Extra Warp Yarn Weave, Cut 97% Polyester/3% Metallic 
55 Pinwale Pique Pique Weave 100% Cotton 
56 Bird’s Eye Pique Pique Weave 65% Cotton/35% Polyester 
57 Jacquard Upholstery  Jacquard Weave 100% Organic Naturally Colored Cotton 
58 Damask Jaquard Weave 100% Cotton 
59* Brocade* Jacquard Weave 50% Nylon/25% Metallic/25% Polyester 
60 Tapestry Jaquard Weave 60% Polyester/40% Cotton 
61 Wool Crepe Momie/Crepe Weave 100% Wool 
62 Polyester Crepe Momie/Crepe Weave 100% Polyester 
63 Contract Upholstery 
Crepe 
Momie/Crepe Weave 100% Recycled Polyester 
64 Drapery Casement Leno Weave 100% Modacrylic 
65 Marquisette Leno Weave 100% Polyester 
66 Double Cloth 3 Warp/2Filling 100% Wool 
67 Pocket Cloth 2 Warp/2 Filling 70%/30% Cotton 
68 Matelasse 2 Warp/2 Filling 100% Polyester 
69 Transportation 
Upholstery 
Double-faced, 1 Warp/2 Filling 100% Wool 
70 Corduroy Filling Pile, Cut Rows 100% Cotton 
71 Velveteen  Filling Pile, Cut 100% Cotton 
72 Velvet Warp Pile, Cut 68% Acetate/32% Rayon 
73 Terry Cloth Slack-Tension Pile Method 100% Cotton 
74 Seersucker Slack-Tension Weave 100% Cotton 
75 Jersey Knit Knit Stitch, Single Filling Knit 100% Rayon 
76 Jacquard Jersey Knit Tuck Stitch, Single Filling Knit 90% Cotton/10% Polyester 
77 Jacquard Jersey Knit Miss Stitch, Single Filling Knit 80% Cotton/20% Polyester 
78 Knitted Terrycloth Pile Knit, Uncut, Single Filling Knit 100% Polyester 
79 Knitted Velour Pile Knit, Cut, Single Filling Knit 80% Cotton/ 20% Polyester 
80 Knitted Fleece Pile Knit, Napped, Single Filling Knit 100% Rayon from Bamboo 
81 Sliver Knit Pile Knit, Cut, Single Filling Knit 100% Acrylic 
82 Rib Knit  Double Filling Knit 100% Ingeo™PLA 
83 Interlock Double Filling Knit 100% Cotton 
84 Jacquard Double 
Knit 
Double Filling Knit 100% Polyester 
85 Double Pique Knit Double Filling Knit 80% Polyester/20% Cotton 
86 Purl Knit  Purl Stitch, Double Filling Knit 100% Acrylic 
87 Tricot Warp Knit 100% Nylon 
88 Swimwear Tricot Warp Knit 90% Nylon/10% Spandex 
89 Brushed Tricot Warp Knit 100% Polyester 
90 Raschel Crochet Warp Knit 80% Polyester/ 20% Cotton 
91 Raschel Knit Lace Warp Knit 100% Polyester 
92 Coolmax® Mesh Warp Knit 100% Polyester 
93* Pleather* Supported Film, Knit Support PVC Face & 50% Cotton/50% Poly 
Back 
94 Needlepunched Felt Dry-laid Fiberweb, Mechanical Bonding 100% Polyester 
95 Interfacing Wet-laid Fiberweb, Adhesive Bonding 100% Polyester 
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* = fabrications that could not be cut because of the nature of the fabrication 
 
 
 
 
 
 
 
 
 
 
 
96 Tyvek® Spun-bonded Fiberweb, Heat Bonding 100% Olefin 
97 Sontara® Spun-laced Fiberweb 70% Rayon/30% Polyester 
98 Fusible Interfacing Heat-sealable Adhesive Coating 80% Polyester/20% Nylon 
99 True Felt Mechanical Bonding 70% Wool/30% Rayon 
100 Amerglo™ Reflective-Aluminum Coated Glass Beads 
(Face) 
50% Cotton/50% Polyester(back) 
101 W/P/B™ Fabric Waterproof/Breathable/Micropo-rous/ 
Coated 
100% Polyester/Polytetrafluoroeth-ylene 
Coating 
102 Flocked Denim Flocking, One Side Acrylic Flocked Face & 100% Cotton 
Back 
103 Tufted Pile  Tufting 100% Cotton 
104 Bonded Knit Fabric Fabric-to-Fabric Bonding 80% Wool/20% Polyester Face & 100% 
Poly Back 
105 Malimo Knit-Through Fabric 50% Polyester/30% Nylon/20% Acrylic 
106 Quilted Fabric Stitch Bonded 100% Cotton Face/Poly Fiberfill/Poly 
Fiberweb Back 
107 Quilted Fabric Ultrasonic Fusion Polyester Film Face/Poly Fiberfill/Poly 
Film Back 
108 Muslin Greige goods 100% Cotton 
109 Bleached Muslin Bleached Greige Goods 100% Cotton 
110 Glazed Chintz Friction Calendered, Resin 100% Cotton 
111 Embossed 
Seersucker 
Embossed Calendered, Flat Design 50% Cotton/ 50% Polyester 
112 Organdy Acid Finish, Parchmentized 100% Cotton 
113 Crinoline Sizing, Starch 100% Cotton 
114 Drapery Sheer  Burned-Out 65% Polyester/35% Cotton 
115 Plisse Caustic Soda 100% Cotton 
116 Flocked Dotted 
Swiss 
Localized Flocking 100% Polyester 
117 Embroidery Applied Design 50% Cotton/50% Polyester 
118 Flannel  Napping, Two Sides 100% Cotton 
119 Sunbrella® Outdoor 
Fabric 
Solution Dyed-Water Repellent 100% Acrylic 
120 Ripstop Piece Dyed 100% Nylon 
121 Houndstooth Print Direect Roller Printing, Dye 100% Polyester 
122 Ikat Resist Printing 100% Cotton 
123 Batik  Resist Printing 100% Cotton 
124 Heat Transfer Paper Heat Transfer Printing -- 
125 Jersey Knit Heat Transfer Printing 100% Polyester 
126 Calico Blotch Printing 100% Acetate 
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APPENDIX E: INFORMED CONSENT 
INFORMED CONSENT DOCUMENT 
Laser cutting textiles and apparel design: An experimental study on the implementation and documentation 
of laser cutting in the apparel design creative process 
Dear participants: 
This study is being conducted by Whitney Rorah (Masters Student) and Dr. Eulanda A. Sanders in Apparel, 
Merchandising, and Design program at Iowa State University. This study was approved by the Institutional Review 
Board at Iowa State University (IRB ID 16-057). Please feel free to ask questions at any time. 
The purpose of this study is to explore students’ knowledge of laser cutting s it relates to the apparel industry and 
test the usability of the user manual in which the researcher has created. Specific research questions include: 
1.) How does a user manual for laser cutting and etching textiles facilitate the diffusion of laser cutting technology 
into design classes? 
 
2.) What is the knowledge and perception of students in an apparel design program about the use and capabilities of 
laser cutting in the design process? 
There is little information and literature regarding the relationship between laser cutting and apparel design for 
students and industry professionals. If a laser cutting manual that provided guidelines for laser cutting textiles was 
available in educational settings and the apparel industry, material testing of individual fabrications could be 
reduced dramatically and creativity could be enhanced. You are being invited to participate in this study because 
you are 18 years of age or older.  You should not participate if you are not 18 years of age. 
If you agree to participate, you will be asked to participate in an online survey regarding you ideas of laser cutting 
technique. Once the short survey is complete you will be asked to perform a laser cutting recognition task using the 
laser cutting and etching user manual that the researcher has created. After the recognition task, you will be asked to 
answer a few questions on a post-survey regarding the usuability of the user manual.  
Your individual responses will be kept in strict confidence. Your personal information will not be associated with 
your response. The researchers will use a protected password, to access data from the survey responses. If the results 
are published, your identity will remain confidential. 
There are no foreseeable risks from participating in this study. Your participation in this study is completely 
voluntary. If you do not feel comfortable participating in the interview, you are free to discontinue at any time. 
There is no penalty or loss to you for not participating or if you begin the interview, but wish to withdraw and 
discontinue. By participating, you give the researchers your consent.  
If you have any question, you are encouraged to ask at any time during this study. For further information about the 
study contact Whitney Rorah (wmrorah@iastate.edu) or Dr. Eulanda A. Sanders (sanderse@iastate.edu). If you have 
any questions about the rights of research subjects or research-related inquiry, please contact the IRB 
Administrator, (515) 294-4566(515) 294-4566,IRB@iastate.edu, or Director, (515) 294-3115(515) 294-3115, Office 
of Research Assurances, 1138 Pearson Hall, Iowa State University, Ames, Iowa 50011. 
Your efforts in participating in this research project are deeply appreciated. 
Do you agree to participate in this survey? 
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APPENDIX F: IRB APPROVAL 
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APPENDIX G: MATERIAL TESTING TEXTILE DESIGN IDEATIONS
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APPENDIX H: ROGERS’ ATTRIBUTES OF INNOVATION THAT WERE NOT 
ADDRESSED IN THIS RESEARCH 
 
Compatibility 
According to Rogers (2003) attributes of innovations “compatibility is the degree to which an 
innovation is perceived as consistent with the existing values, past experiences, and needs of 
potential adopters” (p. 240).  
Complexity 
Rogers (2003) defines complexity as “the degree to which an innovation is perceived as 
relatively difficult to understand and use” (p. 257).  
Observability 
 According to the attributes of innovation that Rogers (2003) developed, observability 
referred to “the degree to which the results of an innovation are visible to others” (p. 258).  
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APPENDIX I: USER MANUAL (SELECTED PAGES) 
 
128 
 
 
129 
 
 
130 
 
 
131 
 
 
132 
 
 
133 
 
 
134 
 
 
135 
 
 
136 
 
 
137 
 
 
138 
139 
140 
141 
142 
143 
 
*This is not the complete version of the user manual. Only the first few pages were included.   
